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AN ASSESSMENT OF THE BIODIVERSITY AND BIOREMEDIATION 
POTENTIAL OF DISTROMATIC ULVA SPP. (CHLOROPHYTA) IN THE GREAT 
BAY ESTUARINE SYSTEM OF NEW HAMPSHIRE AND MAINE, U.S.A. 
by 
Laurie Carol Hofmann 
University of New Hampshire, May, 2009 
Eutrophication of coastal ecosystems is a global problem, and algae have 
become an important resource for bioremediation. The goals of this study were 
(1) to assess the biodiversity of Ulva spp. in the Great Bay Estuarine System 
(GBES) of New Hampshire and Maine, and (2) to assess which Ulva populations 
are most appropriate for bioremediation by determining if environmental nutrient 
history and/or taxonomic differences affect ammonium uptake. Molecular 
analysis of the internal transcribed spacer nrDNA regions of Ulva spp. revealed 
four distinct distromatic taxa: Ulva lactuca Linnaeus, Ulva rigida C. Agardh, Ulva 
compressa Linnaeus, and U. pertusa Kjellman. The latter three are new reports 
for New Hampshire. Intra- and interspecific comparisons revealed that nutrient 
history influences substrate affinity, whereas taxonomy influences uptake rate. 
Consequently, there is a clear need for reassessment of global Ulva populations, 




In a world where climate change, energy crisis, and eutrophication of 
coastal ecosystems are issues at the forefront of scientific research, algae have 
become an important potential resource for the prevention of ecological 
degradation and for bioremediation of environmental health. Studies regarding 
the ability of algae to sequester excess carbon from the atmosphere, provide 
alternative energy sources, and absorb excess nutrients in coastal systems and 
aquaculture facilities have been conducted within the last decade (Neori et al., 
1996; Chopin era/., 2001; Porrello et al., 2003; Zhou et al., 2006). Some of 
these research areas show greater potential than others and may become 
economically and environmentally feasible bioremediation solutions. 
The use of macroalgae as a biofilter for eutrophic coastal environments 
and aquaculture effluents is a promising field of bioremediation research that has 
received a iot of attention (Vandermeulen & Gordin, 1990; Cohen & Neori, 1991; 
Chung etai, 2002; Mata & Santos, 2003; Marinho-Soriano etai, 2008; Day, 
2008). Coastal ecosystems around the world are heavily influenced by 
anthropogenic nutrient inputs and many suffer greatly from the impacts. Major 
sources of anthropogenic nutrients to coastal systems include sewage treatment 
plants, housing and industrial development, agriculture, and aquaculture 
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(Cohen & Neori, 1991). Nutrients are carried from terrestrial environments into 
rivers and streams by heavy rains and eventually into coastal environments. 
Eutrophication and Macroalqal Blooms in Estuaries 
Estuaries are coastal regions where rivers meet the sea and can be 
severely impacted by eutrophication. The complex coastal processes coupled 
with diverse flora and fauna make estuaries unique ecosystems that support 
many ecologically important and economically valuable organisms. Oysters, fish, 
submerged aquatic vegetation (SAV), and other invertebrates exist in an intricate 
web of competitor-predator-prey interactions within these systems (Dayton, 
1975). The primary producers inhabiting estuaries are at the base of these 
interactions and are important monitors of water quality and providers of habitat 
and food (Dayton, 1975; Wilson etal., 1990; Valentine & Heck, 1999; Williams & 
Heck, 2001; Moore, 2004). For example, blue crabs and waterfowl use seagrass 
beds as nurseries and as a food source, respectively (Wilson etal., 1990; Rivers 
& Short, 2007), and macroalgal community structure is often dictated by grazing 
pressure from invertebrates (Lubchenco, 1978). In pristine temperate estuaries, 
seagrasses are often the dominant primary producers because of nutrient 
limitation and muddy substratum less favorable to macroalgal attachment 
(Lobban & Harrison, 1997; Valiela etal., 1997). By contrast, estuaries subjected 
to anthropogenic nutrient input can become eutrophied and undergo an altered 
ecosystem balance in which opportunistic macroalgae become the dominant 
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primary producer. Usually these opportunistic algae have annual life histories 
and appear as filaments or thin blades. They compete with seagrasses for light 
by becoming epiphytic or free floating macroalgal canopies (Hauxwell etal., 
2001; 2003; Valiela era/., 1997). 
A transition from seagrasses dominance to opportunistic macroalgae in 
estuaries occurs when high nutrient loads enter the estuary (Twilley et al., 1985; 
Short et al., 1995; Short and Burdick, 1996). Macroalgae are able to quickly 
absorb and assimilate these nutrients into biomass (Valiela etal., 1997). 
Seagrasses are generally light limited and get their nutrients through roots and 
shoots from sediments and the water column, respectively, whereas macroalgae 
are often nutrient limited and absorb nutrients through their cells from the water 
column (Duarte, 1995). Thus, seagrasses are often unable to compete with 
macroalgae under high nutrient conditions, and the result is often shading of 
seagrasses and subsequent loss of their beds in eutrophic estuaries (Valiela et 
al., 1997). Under conditions where nutrient inputs, water residence time, salinity, 
estuarine bathymetry and other as yet unknown factors are favorable, macroalgal 
blooms can become extensive and cover very large areas (Fletcher, 1996; 
Valiela et al., 1997). In the transition from a seagrass to a macroalgal dominated 
estuary, the impact on associated fauna can be severe because macroalgal mats 
do not provide habitat or protection for fish and invertebrates as effectively as 
seagrass beds (Deegan etal., 2002). In addition, macroalgal mats can create 
prolonged anoxic conditions due to high respiration rates and decomposition of 
accumulated algal detritus (D'Avanzo & Kremer, 1994; D'Avanzo etal., 1996). 
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Macroalgal blooms can be dominated by a single or very few species of 
algae (Fletcher, 1996). Members of the genus Ulva are common algae that 
cause "green tides" in eutrophic temperate coastal environments (Fletcher 1996; 
Valiela et al. 1997). Ulva spp. are green algae with morphologies consisting of 
distromatic (two cell layers) flat blades or monostromatic hollow tubes (Sears, 
2002; Hayden etal., 2003). Although extensive macroalgal blooms can have 
harmful effects on estuaries, there is potential for using them as tools for 
bioremediation. Macroalgal use as a biofilter to improve water quality in polluted 
environments exposed to fertilizer runoff, waste water and aquaculture effluents 
has received a great deal of attention and this research is very promising. Cohen 
and Neori (1991) showed that Ulva lactuca Linnaeus (sea lettuce) was an 
effective biofilter for marine fish pond effluents because it was able to take up 
almost all of the ammonium produced by Spams aurata L (Gilthead seabream). 
El-Sikaily et al. (2007) documented further evidence for the use of macroalgae as 
a biofilter in reporting that U. lactuca could effectively remove chromium from 
wastewater. 
Nutrient Uptake in Macroalgae 
The effectiveness of macroalgae as biofilters is dependent on their 
physiological and morphological characteristics. Macroalgae take up essential 
nutrients directly from the water column into their cells by a number of methods. 
Nutrient uptake mechanisms in macroalgae are complex processes initialized by 
exposure to nutrients and followed by assimilation and metabolism. When a 
seaweed is first exposed to a nutrient medium, there is an initial rapid influx of 
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ions into the free space of its thallus, which includes its cell walls and intercellular 
spaces. Because inorganic forms of nitrogen are charged ions, they do not freely 
diffuse across a cell membrane. As a result, they are carried across the cell 
membranes through a passive process of facilitated diffusion, which involves a 
carrier protein embedded in the cell membrane that allows diffusion of ions 
across the membrane along an electrochemical gradient. Although no energy is 
used in this process, facilitated diffusion allows cells to be ion selective, and it is 
also a process that can become saturated when external ion concentrations are 
high (DeBoer, 1981). However, under environmental conditions where nutrients 
may be limiting, macroalgae must exert energy to take up nitrogen. Under such 
circumstances, macroalgae can use active uptake mechanisms that involve the 
transport of ions against an electrochemical gradient. Active nutrient uptake, like 
facilitated diffusion, can be ion specific and is crucial for algae when essential 
nutrients are in low concentrations (DeBoer, 1981). 
The specificity and saturation properties of ion uptake in macroalgae 
provide a way to describe the kinetics of the uptake process. Nutrient uptake in 
algae can be described by the Michaelis-Menten kinetics of enzyme-substrate 
complexes and illustrated by a substrate saturation curve (Maclssac & Dugdale, 
1969). When examining nutrient uptake kinetics in algae, this curve illustrates 
the relationship between the concentration of the nutrient of interest and its 
uptake rate by an alga. Because algae can become nutrient saturated, uptake 
rate increases with increasing substrate concentration up to the saturation point. 
The maximum uptake rate that occurs when cells become saturated is described 
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by the Vmax value. The substrate concentration at which uptake rate is half of the 
maximum, or Ks, can be used in combination with the Vmax to assess nutrient 
uptake kinetics. A high Vmax indicates that an alga does not become saturated 
until nutrient concentrations reach very high concentrations, whereas a low Ks 
indicates high nutrient uptake efficiency. Fast growing, ephemeral algae that 
produce "green tides" often have both characteristics of uptake kinetics which 
allows them to take advantage of nutrient pulses in the water column (Pedersen 
& Borum, 1997; Runcie etal., 2003; Cohen & Fong, 2004b; Dongyan era/., 
2004). 
Macroalgae are able to inhabit a variety of marine, estuarine, and to a 
lesser extent, freshwater habitats. Depending on the habitat they occupy, the 
particular nutrient that limits macroalgal growth may differ. Nutrient limitation in 
marine algae is a well studied topic, but there is considerable debate over 
declaring the nutrient that is generally most limiting. In the open ocean, 
particularly the Pacific, phosphorous was initially believed to be the most limiting 
nutrient to microalgae (Redfield, 1958). However, more recently, iron has been 
accepted as the more limiting nutrient in the open ocean (Falkowski, 1997). On 
the other hand, in temperate coastal environments where macroalage are more 
prevalent, nitrogen is growth limiting (Ryther & Dunstan, 1971; DeBoer, 1981; 
Hanisak, 1983; Wheeler & Bjomsater, 1992; Taylor etal., 1995; Pedersen & 
Borum, 1996). Nitrogen limitation in macroalgae is confirmed by the extensive 
macroalgal blooms that form in eutrophied areas where an abundant supply of 
nitrogen becomes available. Because anthropogenic input has altered the 
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nutrient balance in many coastal systems, much of the research examining 
nutrient relationships in marine macroalgae has focused on how the nitrogen 
history of the environment influences their uptake physiology (Littler & Littler, 
1980; Fujita, 1985; Pedersen, 1994; Pedersen & Borum, 1997; Taylor era/., 
1998; Jing-Wen & Shuang-Lin, 2001; Barr & Rees, 2003; Runcie etal., 2003). 
Environmental Influence on Ammonium Uptake in Ulva spp. 
Most macroalgae show an uptake preference for ammonium-N over 
nitrate-N and nitrite-N, as the latter forms require energy to be reduced to 
ammonium for assimilation into amino acids and other nitrogen-containing 
molecules (Cohen & Fong, 2004a). However, growth rates are similar whether 
algae are grown with ammonium or nitrate, unless the alga is energy deficient 
(Lewin, 1962). Ammonium is also a common waste product from aquaculture 
(Cohen and Neori 1991) and fertilizer runoff (Ayoub, 1999), so it is often the most 
prevalent form of dissolved inorganic nitrogen in eutrophied coastal 
environments. Previous research has shown that Ulva lactuca grown under 
ammonium rich conditions takes up nutrients at a slower rate than specimens 
grown under low ammonium conditions. Fujita (1985) found that U. lactuca 
grown under ammonium enriched conditions showed slower uptake rates than U. 
lactuca that had been starved. In addition, U. lactuca collected from the field 
showed much higher uptake rates than those grown under enriched laboratory 
culture conditions. The results of Fujita's (1985) work support the hypothesis that 
algae growing in coastal marine environments are nitrogen limited, which results 
in higher affinity for ammonium (low Ks) and higher maximum uptake rates (high 
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Vmax) compared to algae growing under eutrophic conditions. Thus, there is 
strong evidence that environmental factors, particularly nutrient history, affect 
ammonium uptake kinetics of macroalgae growing in those environments. The 
influence of environmental factors on ammonium uptake kinetics is important to 
investigate when determining the bioremediation potential of algae from different 
nutrient environments. 
Environmental history affects physiological parameters other than nutrient 
uptake kinetics. Tissue nitrogen and pigment are important factors to investigate, 
as they are closely related to ammonium uptake. Tissue nitrogen of seaweed 
has been shown to follow seasonal patterns mirroring those of ambient nitrogen 
concentrations (Hardwick-Witman and Mathieson, 1986; Penniman and 
Mathieson, 1987; Wheeler and Bjornsater, 1992; Naldi and Viaroli, 2002). 
Ambient ammonium influences ammonium uptake kinetics both directly by a 
concentration gradient and indirectly through its relationship to internal tissue 
nitrogen (Fujita, 1985; Pedersen, 1994; Jing-Wen and Shuang-Lin, 2001; Barr 
and Rees, 2003). Early research on ammonium uptake kinetics concluded that 
total nitrogen content within algal cells determined nitrogen uptake kinetics (Fujita 
1985, Rosenberg, Probyn and Mann 1984). However, recent evidence suggests 
that smaller nitrogen pools within cells are more important regulators of nitrogen 
uptake kinetics than total tissue nitrogen (Pedersen 1994, Jing-Wen and Shuang-
Lin 2001a, Jing-Wen and Shuang-Lin 2001b). 
Jing-Wen and Shuang-Lin (2001b) found that initial ammonium uptake in 
Ulva pertusa was more closely related to small intracellular inorganic nitrogen 
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pools than total nitrogen. Their conclusion was based on an observation of 
increased ammonium uptake rates on the first day following nitrogen starvation 
when the total nitrogen content of the algal tissue was still 4.42%. The critical 
nitrogen tissue content for sustained growth in U. lactuca is 2.17% (Pedersen 
and Borum, 1997). Because the total nitrogen content of algal tissue was above 
the critical level for growth, Jing-Wen and Shuang-Lin (2001) concluded that 
small internal nitrogen pools with fast turnover rates, such as small peptide and 
amino acid pools, controlled the surge in ammonium uptake during the first 2 
hours of exposure to the substrate. However, variations in assimilation uptake 
rates after 2 hours of exposure to the substrate occurred over much longer time 
periods (days to weeks), indicating that they were regulated by a nitrogen pool 
with a slower turnover rate, possibly the incorporation of amino acids into 
proteins. 
Pigment composition of seaweeds is also related to environmental nutrient 
concentrations (Rosenberg and Ramus, 1982; Pinchetti etal., 1998; Barrand 
Rees, 2003). Pinchetti et al. (1998) found that chlorophyll a:b ratios in nitrogen 
enriched U. rigida remained the same regardless of nitrogen conditions, but 
pigment content increased with nitrogen enrichment resulting in dark green 
blades. Pigment contents in algae, particularly chlorophyll and carotenoids, 
indirectly affect nutrient uptake due to their influence on photosynthetic rates and 
subsequently the amount of carbon available for nitrogen assimilation (Precali 
and Falkowski, 1983; Falkowski, 1992). The intricate relationship between 
environmental nitrogen availability, tissue nitrogen, pigment content, and blade 
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color make these physiological parameters important to observe when assessing 
the ammonium uptake kinetics of macroalgae. 
Genetic Differences in Ammonium Uptake 
Previous studies have investigated nutrient uptake kinetics of Ulva spp. 
and compared them to macroalgae in other taxa. Jing-Wen and Shuang-Lin 
(2001) observed faster uptake rates in Ulva pertusa Kjellman than Gracilaria 
tenuistipitata C. F. Change and B. M. Xia after a period of nitrogen starvation, but 
nitrogen reserves in Ulva were depleted more quickly than those of G. 
tenuistipitata. The rapid nitrogen depletion was apparent in the more 
dramatically increasing rates of uptake in U. pertusa as the algae became more 
nitrogen starved. It has been proposed that nutrient uptake characteristics put 
fast-growing, ephemeral algae at higher risk for nitrogen limitation when water 
column concentrations are low because they are unable to store as much 
nitrogen as slower growing species. Pedersen and Borum (1997) found similar 
results to those of Jing-Wen and Shuang-Lin (2001) in comparing ammonium 
uptake rates of fast-growing algae like U. lactuca to slower growing algae like 
Fucus vesiculosus Linnaeus. Consequently, Pedersen and Borum (1997) 
concluded that U. lactuca would become nitrogen limited under low nitrogen 
conditions, while F. vesiculosus and Codium fragile (Suringar) Hariot would 
endure better under nitrogen stress. However, in environments consistently 
exposed to high nutrient concentrations or frequent pulses, fast-growing species 
are able to take advantage of available nitrogen more quickly than larger, slower-
growing species due to their high Vmax values. 
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The physiological difference in nutrient uptake between Ulva spp. and 
slow-growing perennial seaweed has been attributed to morphology, particularly 
surface area to volume ratios. Algae with high surface area to volume ratios, 
including the distromatic blade morphology of some Ulva spp., have more 
efficient nutrient uptake than algae with low surface area to volume ratios 
(Rosenberg and Ramus, 1984, Taylor et a/., 1998). The physiological 
differences in nutrient uptake efficiency between ephemeral macroalgae and 
slower growing algae have been hypothesized to account for the dominance of 
Ulva spp. and other opportunistic species in eutrophic environments (Rosenberg 
etal., 1984; Rosenberg & Ramus, 1984; Fujita, 1985) and are the characteristics 
that can be exploited for bioremediation purposes. 
The superiority of Ulva spp. as a biofilter for improving water quality over 
slower growing perennial species has been made clear by studies comparing 
Ulva spp. to other algal genera. However, there have been few investigations of 
possible differences in ammonium uptake kinetics between Ulva spp., resulting in 
a lack of knowledge concerning whether some taxa are better suited for 
bioremediation than others. Fujita (1985) compared sheet-like to tube-like Ulva 
spp. (previously Enteromorpha) and reported that the former took up ammonium 
more rapidly than the latter at various nitrogen concentrations evaluated (10-60 
uM NH4+). However, no studies have directly compared different distromatic 
Ulva spp. collected from sites with different nutrient histories; such a comparison 
would indicate if genetic differences between Ulva spp. influence ammonium 
uptake kinetics. Carpenter and Guillard (1971) compared phytoplankton strains 
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of three different species from eutrophic and oligotrophic waters and found that 
the Ks for nitrate was higher in eutrophic than oligotrophic strains of all three 
species. Furthermore, they discovered that these strains maintained their 
distinctive uptake kinetic parameters through several generations of culture 
under identical conditions. The results from their study indicated that there may 
be a genetic influence on nutrient uptake kinetics in marine algae through 
transfer from generation to generation. Comparisons have not been made 
between ammonium uptake kinetics of different Ulva generations to determine if 
uptake kinetics are conserved across generations, regardless of environmental 
conditions. 
Morphological and Molecular Identification of Ulva spp. 
Prior to the development of molecular tools for distinguishing between 
macroalgal species, differentiating among Ulva spp. was very troublesome. 
Generally cellular characteristics such as cell shape, arrangement, and pyrenoid 
number were used as distinguishing characters (Bliding, 1968; Koeman & van 
den Hoek, 1981; Hoeksema & van den Hoek, 1983), but recent evidence has 
shown that these characteristics are variable depending on thallus age, 
seasonality, salinity, and whether the blades are attached or free floating (Malta 
et ai, 1999) and may therefore not be good indicators of species (Loughnane et 
al., 2008). Consequently, a number of genes have been identified that can be 
used to successfully differentiate between species of algae within the Ulvales. 
The most common genes used for species identification in Ulva spp. are the 
large subunit of the chloroplast encoded ribulose-bisphosphate carboxylase gene 
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(rbcL) and the two nuclear encoded internal transcribed spacer regions (ITS1 
and ITS2) plus the 5.8S gene (Blomster etal., 1998; Coat era/., 1998; Malta et 
al., 1999; Tan etal., 1999; Hayden &Waaland, 2002; Hayden etal., 2003; 
Shimada etal., 2003; Hayden SWaaland, 2004; Loughnane etal., 2008). 
Because of the high mutation rates of noncoding ITS1 and ITS2 compared to the 
rbcL gene, the ITS regions have also been used to investigate population 
differences within Ulva spp. (Leskinen et al., 2004). Using molecular data to 
confirm species identification, it is possible to characterize the nutrient uptake 
kinetics of different Ulva species inhabiting the same areas. Such information 
will enable comparison of nutrient uptake efficiency in different Ulva species. 
Repeating the study for high and low nutrient locations can provide insight into 
how environmental nutrient conditions affect ammonium uptake kinetics. 
However, the utility of molecular data only goes as far as our taxonomic 
knowledge of a species. In cases where species differentiation based on 
morphology is difficult, it is essential to have sequences from the type material of 
each species so that there is no question regarding the validity of sequences that 
correspond to each species. 
The holotype material of a species is the single specimen that represents 
the original organism first described and named as a new species by the author. 
It is essential for our understanding of the species concept in taxonomic studies. 
In molecular systematic research, a database containing molecular sequences of 
diagnostic genes from type specimens is an invaluable tool for avoiding 
misidentifications, especially in taxonomic research involving species that are 
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morphologically simple and/or variable. GenBank is a database of gene 
sequences that is useful for species identification, but can only be used with 
complete confidence if sequences from the type material are available. In cases 
were holotype sequences are not available, it is important to attempt contacting 
researchers who may have sequenced holotype material of the species of 
interest. 
Concrete species identification based on type material is essential for 
comparing the uptake kinetics of Ulva spp. from different areas, and it is the only 
way to make sure that the same specimens of a particular species are being 
compared rather than a collection of unknown species. It is also important to 
know the species present in different areas for the sake of biodiversity and 
conservation. There has been an increase in the number of introduced species 
across all macroalgae taxa in the past two decades. Although a proportion of the 
increase can be attributed to more frequent surveying, most of the introduced 
species result from anthropogenic activities such as heavy ship traffic and 
aquaculture activity (Ruiz et a/., 2000; Ribera Siguan, 2002; Siguan, 2002). 
Introduced species often threaten biodiversity and ecosystem community 
dynamics (Carlton, 2002). Therefore, surveying and identifying species 
composition is essential for monitoring ecosystem health and implementing 
conservation strategies. It is also important to identify what Ulva spp. occur in a 
particular area. If there are differences in uptake kinetics, it is be important to 
determine the species or environmental conditions that provide the most efficient 
source of bioremediation. 
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Purpose 
The goals of this study were four fold : (1) to assess the biodiversity of 
Ulva spp. in the Great Bay Estuarine System of New Hampshire and Maine, (2) 
to determine if genetic differences influence ammonium uptake by comparing 
uptake kinetics of field collected material to cultured offspring and by comparing 
uptake kinetics of different Ulva spp., (3) to determine if environmental nutrient 
history affects ammonium uptake kinetics in Ulva spp., and (4) to determine what 
Ulva species or populations, based on genetics, environmental nutrient history or 
both factors, are best suited for bioremediation. The biodiversity of Ulva spp. 
was investigated using molecular tools to differentiate between species. Based 
on molecularly verified species identification, intraspecific comparisons between 
the ammonium uptake kinetics of Ulva spp. exposed to different nitrogen 
environments were made to determine if nutrient history affects ammonium 
uptake kinetics of Ulva spp. Furthermore, interspecific comparisons between the 
uptake kinetics of Ulva spp. found in the same location within the Great Bay 
Estuarine System of New Hampshire and Maine, USA were made to determine if 
genetic differences between species influenced ammonium uptake kinetics. 
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Site descriptions 
The Great Bay Estuarine System is located on the east coast of North 
America at the border of New Hampshire and Maine, USA (Figure 1). Two main 
bays: Great Bay and Little Bay, plus the Piscataqua River, Portsmouth Harbor 
and eight tributaries make up the Great Bay Estuarine System. The system 
contains 100 miles of shoreline and its substratum is dominated by mud but 
becomes rockier in the outer estuary near the open coast (Hardwick-Witman & 
Mathieson, 1983). Temperature, salinity, and water clarity vary within the 
estuary. Generally, temperature and salinity are more variable in the inner than 
the outer estuary close to the mouth (Emerich Penniman et al., 1985). For 
example, the seasonal temperature ranges at Hilton Park (-2°C-24°C) and 
Adams Point (-2°C-27°C), two sites 8-12 miles from the coast, are wider than at 
the coastal Fort Stark site (-1°C-19°C). In addition, salinity remains fairly 
constant at Fort Stark (27-32 psu) whereas salinity varies greatly at Adams Point 
(7-31 psu) and Hilton Park (1-30 psu). Water clarity also varies throughout the 
estuarine system. Clarity is low inland and improves closer to the open coast. 
Overall, salinity and water clarity decrease, but temperature range increases 
from the outer estuary near the open coast to sites further inland. 
The present study included six sites (Figure 1) within the Great Bay 
Estuarine System from which Ulva spp. specimens were collected for 
determination of ammonium uptake kinetics. The names, locations, GPS 
coordinates, distances from the coast, and a short description of each site are 
shown in Table 1. The six sites were chosen as three pairs: Chapman's 
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Landing-Adams Point; Hilton Park-Oyster River; Fort Stark-South Mill Pond. Site 
pairs were based primarily on ammonium history and secondarily on distance 
from the coast. The first pair consisted of a riverine and mid-estuarine site 
located 12-17 miles inland, the second pair represented a riverine and mid-
estuarine site 8-12 miles inland, and the third pair consisted of an outer estuarine 
(3 miles from the coast) and a coastal site. Within each pair, one site was 
considered a relatively high ammonium site and the other a low ammonium site. 
Site characterizations were based on nutrient data from the NOAA Office of 
Ocean and Coastal Resource Management National Estuarine Research 
Reserve System (2004) and the New Hampshire Estuaries Project (Phil 
Trowbridge pers. comm.; Trowbridge, 2006; Trowbridge and Jones, 2007). 
Ulva spp. samples were collected during low tide of the six sites. When 
possible, each uptake experiment was conducted on samples that were collected 
the same day from one pair of sites. Otherwise, ammonium uptake of samples 
from a single site was measured, and samples from the corresponding paired 
site were measured soon after. The seaweed samples were collected in plastic 
bags and kept on ice during transport. Water samples were also collected in 
triplicate at each site. Seaweed samples were returned to the University of New 
Hampshire, rinsed in Instant Ocean, tentatively identified until further molecular 
verification, and exposed to different levels of ammonium concentrations for 
analysis of uptake kinetics. 
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MATERIALS AND METHODS 
Morphological and Molecular Identification of Ulva spp. 
Because all specimens of Ulva spp. collected from the six sites looked 
morphologically similar, tentative identifications were made at the cellular level by 
determining the number of pyrenoids per cell, the number and organization of 
starch grains, cell size and chloroplast structure. However, because within 
species morphological variation was almost as great as between species 
morphological variation, especially for material collected from different sites, 
molecular analysis of DNA was necessary to differentiate between species and 
to determine what species were being used for ammonium uptake assessment. 
Methods for molecular identification of Ulva spp. are included below. 
DNA was extracted using a Puregene Tissue Extraction Kit (Gentra 
Systems Minneapolis, MN) from Ulva spp. specimens that, shortly after 
collection, were dried in silica gel. A 4 to 16 mm2 piece of Ulva tissue was 
ground in 300 uL of Cell Lysis Solution (Puregene D-5002) in a 1.7 ml 
microcentrifuge tube using a pinch of sand and a disposable pellet pestle. 
Samples were heated at 60°C for one hour in a heat block (Fisher Scientific 2-
Block Dry Bath Incubator or VWR Analog Heatblock, Henry Troemnar LLC, USA) 
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with an intermediate inversion step (10 times) after 30 minutes. After the 
samples cooled to room temperature, 100 uL of Protein Precipitation Solution 
(Puregene D-5003) was added to each sample. Samples were then inverted for 
two minutes and chilled in a freezer for one hour. 
When samples thawed, they were centrifuged for 5 minutes at 13,000 rpm 
in a Fisher Scientific Marathon 16KM microcentrifuge (for this protocol, all 
centrifugation steps occurred at 13,000 rpm). The supernatant was poured into a 
fresh 1.7 ml tubes containing 300 uL of 100% isopropanol, which was then 
inverted 50 times and centrifuged for 5 minutes. The supernatant was discarded, 
and the pellet was washed in 300 uL of 70% alcohol. After 3 minutes of 
centrifugation the supernatant was again discarded and the pellet left to air dry. 
Samples were rehydrated overnight at room temperature (or for 1 hour at 65°C) 
in 25 uL of DNA Hydration Solution (Puregene D-5004). The following day (or 
one hour later after incubation), samples were centrifuged for 5 minutes in 
preparation for a polymerase chain reaction (PCR). 
Following the last centrifugation setp, a 4 uL sample of rehydrated 
extracted DNA was added to a 46 uL mixture of Polymerase Chain Reaction 
(PCR) reagents (Promega Madison, Wl, USA) for a final reaction volume of 50 
uL (Table 2). The PCR amplification was conducted in an Eppendorf 
Mastercycler 5333 (Hamburg, Germany). The primers and PCR reaction profile 
used for amplification of the internal transcribed spacer (ITS) nrDNA region 
including the 5.8S gene were identical to those used by Hayden et al. (2003) and 
Blomster et al. (1998) and are shown in Table 3. For confirmation of the 
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reliability of the ITS sequences to differentiate between Ulva spp., the 
chloroplast-encoded rbcL gene was also amplified in some samples. The 
primers used were developed by Jeremy Nettleton (pers. comm.) and are shown 
in Table 3. 
The PCR profile consisted of a 5 minute denaturation step at 94°C, 
followed by a cycle of 94°C for 1 minute and 60°C for 3 minutes repeated 30 
times. A 10 minute extension at 60°C took place at the end of the cycle. The 
PCR profile for amplification of the rbcL gene consisted of an initial denaturation 
period of two minutes at 95°C followed by a cycle that was repeated 30 times 
and contained the following steps: 95°C for 30 seconds, 51.5°C for 30 seconds, 
72°C for 1 minute. An elongation period of 5 minutes at 72°C was the last step. 
Gel isolation was used to purify DNA for sequencing. Each PCR reaction was 
run on a 0.8% UltraPure Low Melting Point Agarose (Invitrogen Corporation, 
Carlsbad, CA, USA) gel in 0.5x nTBE Buffer (54 g-L1 Trisbase, 27.5 g-L"1 boric 
acid, 0.2% 0.5 M solid EDTA at pH 8.0) at 100 V for 30 minutes to one hour. A 
BenchTop 100bp DNA ladder (Promega Madison, Wl, USA) was used for size 
comparison. DNA bands in the agarose gel were cut out on a UV 
Transilluminator (model VWR M-20E, VWR Scientific, USA) using a glass 
coverslip and the samples were incubated at 65°C to melt the agarose and then 
cooled to 37°C. The amplified DNA samples were incubated with 1-1.5 uL of 
agarase per 100 uL of DNA at 37°C overnight. 
Following DNA purification, the samples were quantified via flourometry 
using an Invitrogen Qubit Fluorometer (Turner BioSystems) and reagents from a 
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Quant-iT dsDNA BR assay kit (Invitrogen, Carlsbad, CA). Based on the DNA 
quantity, samples were diluted to the appropriate concentration for sequencing, 
which was done by the University of New Hampshire Hubbard Center for 
Genome Studies Sequencing Core Facility using Applied Biosystems BigDye 
Terminator Cycle Sequencing Kits (v1.1 and v3.1) and an ABI 3130 DNA 
Analyzer. The DNA sequences received from the sequencing facility were edited 
and made contiguous using SeqMan Pro 7.2.1 and aligned using Megalign 7.2.1 
(both from DNASTAR Lasergene, Inc, Madison, Wl, USA). Sequences obtained 
in this study were aligned with those retrieved using the Blast feature in Megalign 
7.2.1 that extracted sequences that were the closest match from the National 
Institute of Health (NIH) genetic sequence database, GenBank. The sequences 
used for comparison are shown in Table 4. Sequence data were analyzed by the 
maximum likelihood and neighborjoining methods in PAUP *4.0b10 (Sinauer 
Associates, Inc. Sunderland, MA) as well as by the baysian analysis method 
using the downloadable software MrBayes version 3.1.1. The tree was rooted 
with two outgroups using Umbraulva olivascens (P. J. L. Dangeard) G. Furnari 
and Blidingia minima (Nageli ex Kutzing) Kylin. The strength of the phylogeny 
was assessed using posterior probability values in the baysian analysis and 
bootstrap values from 500 sample replications for maximum likelihood, and 1000 
replications for neighborjoining at a 50% confidence level. 
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Ammonium Uptake Experiments 
Non-Specific Ammonium Uptake 
Prior to molecular analysis of Ulva spp., ammonium uptake experiments 
were conducted on collected material that most likely consisted of multiple 
species of Ulva because the presence of multiple species was not realized at the 
time. Following sample collection, circular disks 2 cm in diameter were cut from 
Ulva blades and allowed to acclimate for 1-3 hours prior to the experiment in 
ammonium-free water with turbulent bubbling at 18°C and 150 umolm"2s"1 light 
intensity. Two disks were placed into 1.7 ml centrifuge tubes immediately after 
specimens were collected for protein and pigment analysis (see below). Using 
circular disks in growth, ecological, and reproductive studies of Ulva spp. is 
common (Burrows, 1971; Malta etal., 1999; Hernandez etal., 2008; Luning et 
al., 2008), but an acclimation period was allotted in the present study to allow for 
wound recovery after cutting. Thus, the contents from those cells along the 
periphery of the disks that were lysed were able to leech into the medium and 
away from the disks prior to analysis of ammonium uptake. 
The experimental design for the initial non-specific ammonium uptake 
experiments consisted of 24 (125 ml) treatment flasks filled with sterilized, 
ammonium-free seawater that was spiked with ammonium to one of four 
concentrations (25, 50, 150, 250uM NH4+) and enriched with nitrogen-free Von 
Stosch medium (Table 5). Twelve flasks were designated for algae from each of 
the two paired sites examined, and each of the four ammonium concentrations 
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were replicated three times. All flasks were illuminated at 150 umolm~2s"1 light 
intensity with fluorescent bulbs. The initial ammonium concentration in each 
flask was determined by taking a 1 ml water sample prior to the addition of algae. 
Then, ten Ulva disks from multiple blades were added to each flask and a 1 ml 
water sample was taken immediately after the algae was added and constituted 
the time 0 water sample. Flasks were shaken at 195 rpm so that the disks were 
continuously moving throughout the water column, thereby reducing the 
boundary layer. In early experiments, a 1 ml water sample was taken from each 
flask at 6 minute intervals for 30 minutes. 
Uptake rates were calculated using the following equation, as adopted 
from (Pedersen, 1994), 
V = (So X Vn) - (S, - V,) 
t x A 
where V = uptake rate (umol NH4+cm~2hr"1), S0= substrate concentration of the 
initial sample (uM), v0 = initial sample volume (L), St= substrate concentration of 
successive sample, vt = volume of successive sample, t = time elapsed between 
successive samples (hr), and A = surface area of Ulva spp. tissue in the sample 
(cm2). 
Species-Specific Ammonium Uptake 
The realization of the presence of multiple species of Ulva in the Great 
Bay Estuarine system lead to modified ammonium uptake experiments as 
described below so that comparisons could be made between known Ulva spp. 
after molecular analyses. Blades of Ulva spp. were collected during the fall of 
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2008 from only one site per experiment. If possible, individuals occupying 
different habitats were collected in order to increase the chance of collecting 
more than 1 species. Blades were rinsed in Instant Ocean and observed for 
morphological differences. Six blades were chosen for each uptake experiment. 
The blades were chosen based on morphological variations that indicated the 
presence of different species and allowed for replication of different species 
present. Four disks were cut from each blade and a small sample was dried in 
silica gel for molecular determinations. Herbarium specimens were made with 
the remaining part of each blade after the disks were extracted. 
Four disks from each specimen were acclimated in 400 ml of nitrogen-free 
Von Stosch artificial sea water for approximately one hour under 100 umolm-V 1 
light intensity and at 5°C. Following acclimation, each disk was placed into a 
separate flask containing 50 ml of aerated artificial seawater enriched with 
nitrogen-free Von Stosch medium at one of four ammonium concentrations (25, 
50, 150, 250 uM NH4+). A 1 ml water sample was taken immediately following 
addition of the disks to each flask. Ulva spp. disks were exposed to these 
ammonium treatments for two hours, after which a final 1 ml water sample was 
taken for ammonium determination. Water samples were frozen for later 
ammonium analysis using the phenol-hypochlorite method of ammonium 
determination and ammonium uptake rates were calculated as described above. 
Once molecular analysis of the ITS1 and ITS2 genes indicated the 
species of each blade, data from the same species were combined to create an 
ammonium uptake curve for each species. The ammonium uptake curves were 
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fitted to the Michaelis-Menten equation [V = (Vmax*S)/(Ks+S)] for substrate uptake 
kinetics by nonlinear regression analysis in SYSTAT version 10 (Systat Software 
Inc., Chicago, IL, USA), and the Vmax, Ks, and a (VmaX:Ks ratio) values were used 
to describe the ammonium uptake kinetics of Ulva. Intraspecific and interspecific 
comparisons between ammonium uptake curves of Ulva from paired sites (high 
and low ammonium) were made using an F-test for comparing two nonlinear 
regressions that consisted of the following equation: 
F= (SSE1 &2-(SSE1 +SSE2M(m+1 )*(k-1)) 
(SSE1 +SSE2)/{(n1 -m-1 )+(n2-m-1)} 
where SSE = sum of squares of the residual for each model, m = # of parameters 
in the model, k = # of models, n = # of observations within each group (Zar, 
2009). The same method was used to make interspecific comparisons between 
ammonium uptake curves of different Ulva spp. found at the same site. 
Culture Development and Ammonium Uptake 
Development of Ulva spp. in culture was attempted for comparison of 
ammonium uptake kinetics of cultured material to field collected material as an 
additional method for determining if there was a genetic influence on ammonium 
uptake kinetics. To initiate reproductive tissue development, Ulva spp. 
specimens were placed between two damp paper towels and left in the 
refrigerator for 24-48 hours (Levine and Wilce, 1980). Circular disks 2 cm in 
diameter were then cut from several blades and placed in petri dishes containing 
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sterilized artificial seawater (ASW) enriched with Von Stosch enrichment media 
(Ott, 1966; Levine and Wilce, 1980; Sahoo and Yarish, 2005). High ammonium 
concentrations were added to induce swarmer release (Chapman, 1973). The 
petri dishes were shaken at 18CC on a long day light cycle until swarmers were 
released. 
A light source was administered to the surface of the water containing 
swarmers to encourage their movement towards the water surface. A Pasteur 
Pipet (thinned with a Bunsen burner) was touched to the surface of the water to 
facilitate capillary transfer of a small water sample containing swarmers to 
another petri dish filled with fresh enriched SW (Chapman, 1973; Kawai et a/., 
2005). Swarmer transfer was repeated several times to ensure enough were 
collected. Glass cover slips were placed in the petri dishes containing swarmers 
to facilitate settling and development. Once germlings developed to a 
transferable size, cultures were thinned to prevent self-shading and transferred to 
125 ml flasks with turbulent bubbling. Enriched ASW was changed weekly. 
Ammonium uptake of cultured material was measured as described above in the 
nonspecific ammonium uptake section. 
Water and Tissue Analysis 
Determination of ammonium concentration in water samples collected 
during ammonium uptake experiments was conducted via the method described 
by Grasshoff et al. (1983). The following prepared reagents were added to 1 ml 
water samples collected from treatment flasks in 1.7 ml centrifuge tubes: 40 uL 
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phenol reagent, 20 |JL tri-sodium citratesolution, and 40 nL hypochlorite reagent. 
The water samples were mixed thoroughly, incubated for 30 min. at 37-40X in a 
Lab-Line Imperial II Incubator (Lab-Line Instruments Inc., Melrose Park, IL, USA) 
and then cooled for 30 min. at room temperature. Nitrogen-free artificial 
seawater was used as a reference for all samples. Ammonium concentrations 
were determined colorimetrically at 630 nm using an Unicam Helios a UV-VIS 
Spectrophotometer (Cambridge, UK). 
Physiological characteristics of Ulva spp., including protein and pigment 
content, and blade color were assessed in order to compare algae collected from 
sites with high and low ammonium histories. Circular disks 2 cm and 8 mm in 
diameter were cut from fresh Ulva blades and frozen in 1.7 ml centrifuge tubes 
for protein and pigment analysis, respectively. Tissue protein content in six Ulva 
spp. blades from each site was determined using Bradford Reagent (Sigma-
Aldrich Co. St. Louis, MO, USA) and the standard Bradford Protein Assay 
Protocol (Bradford, 1976). Approximately 50-75 g (fresh weight) of algal tissue 
was ground in 0.1 M P043" buffer (4.5 g NaH2P04 anhydrous, 22.4 g 
Na2HPCv12H20 per liter) using a pinch of sand and a porcelain mortar and 
pestle. Samples were ground in 500 uL of 0.1 M P043" buffer and then rinsed 
twice to ensure that all material was recovered, resulting in a final extraction 
volume of 1500 uL. Samples were centrifuged for 1 min. in a Fisher Scientific 
micro-centrifuge model 235C. A 100 uL aliquot of supernatant was removed 
from each extraction sample followed by the addition of 3 ml of Bradford Protein 
Solution to each. After waiting 5 min. for the reaction to proceed, the absorbance 
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of each sample was read at 595 nm in an Unicam Helios a UV-VIS 
Spectrophotometer (Cambridge, UK). Standards were prepared in 0.1M P043" 
buffer with the following amounts of Bovine Serum Albumin (Sigma-Aldrich Co. 
St. Louis, MO, USA): 0, 10, 20, 30, 40, and 50 ug. Protein contents of Ulva spp. 
specimens from high and low ammonium sites were compared to determine if 
there was a correlation between ammonium history and protein tissue content. 
Mean tissue protein content of Ulva spp. was compared between sites using a 
one-way ANOVA in SYSTAT 10 (Systat Software Inc., Chicago, IL, USA) 
The chlorophyll and carotenoid contents in Ulva spp. tissue was 
determined via ethanol extraction. Ulva spp. disks 8 mm in diameter were 
ground in 2 ml of 95% ethanol with a pinch of sand. Samples were centrifuged for 
one minute in a Fisher Scientific micro-centrifuge model 235C and the 
supernatant was decanted to a 5 ml PLASTIBRAND standard disposable cuvette 
(Sigma-Aldrich) for absorbance measurements at three separate wavelengths 
(470, 649, 664 nm) using a Unicam Helios a UV-VIS Spectrophotometer. Total 
chlorophyll (a + b), chlorophyll a, chlorophyll b, and carotenoid content with 
respect to tissue surface area were calculated from the following equations, as 
presented by (Lichtenthaler, 1987). 
Total chlorophyll a + b = 22.24 x Abs649 + (5.24 x Abs664) 
Chlorophyll a = 13.36 x Abs664 - (5.19 x Abs649) 
Chlhorophyll b = 27.43 x Abs649 - (8.12 x Abs664) 
Total Carotenoids = 4.8 x Abs47o - (12.7 x Abs64g) + (3.65 x Abs664) 
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Mean chlorophyll a:b ratios and chlorophyll:carotenoid ratios of Ulva specimens 
were compared between sites using a one-way ANOVA in SYSTAT 10 (Systat 
Software Inc., Chicago, IL, USA). 
Blade color of field collected Ulva sp. blades was measured with an X-Rite 
Color Digital Swatchbook and Color Shop 2.6 (San Rafael, CA) soon after 
collection. Blade color was determined according to the CIE Lab color scale, and 
samples were compared based on their location on the three dimensional Lab 
axis. The "L" dimension ranged from 0-100, with 100 = white and 0 = black. The 
"a" dimension represented the spectrum between green (more - a) and red 
(more + a), whereas the "b" dimension represented the spectrum between blue 
(more - b) and yellow (more + b). Comparisons of blade color of Ulva from 
paired sites based on the three dimensional CIE Lab color scale were made by 
discriminate analysis in SYSTAT 10 (Systat Software Inc., Chicago, IL, USA). 
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RESULTS 
Morphological and Molecular identification of Ulva spp. 
Molecular analysis of the ITS regions, (ITS1 and ITS2) including the 5.8S 
rDNA gene, from field collected Ulva spp. specimens revealed four distinct 
haplotypes that matched sequences on Genbank that had been identified as four 
separate species: Ulva lactuca, U. pertusa, U. rigida1C. Agardh, and U. 
compressa2 Linnaeus (Figure 5, Table 4). Cellular characteristics supported the 
molecular identification of four different taxa and correspond with the matching 
sequences on GenBank. Maximum likelihood phylogenetic analysis of 
representative sequences from each collection site resulted in a phylogenetic 
tree with four distinct groups strongly supported by bootstrap values (97-100%; 
Figure 5). 
1
 Ulva rigida and U. scandinavica are synonyms. The sequences used for comparison with sequences 
collected in the present study were labeled as U. scandinavica, but U. rigida is the older name so it is used 
when describing specimens collected during the present study. 
2
 ITS sequences obtained in the present study matched sequences in Genbank labeled Ulva pseudocurvata 
Koeman & Hoek and Ulva compressa (Table 4). However, evidence suggests the former was from a 
specimen mistakenly identified as U. pseudocurvata that was actually a distromatic morphotype of U. 
compressa, which is the name assigned to the sequences collected in the present study. 
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The morphological variation between specimens collected from The Great 
Bay Estuarine System was large, so it was difficult to make accurate 
identifications at the cellular level. Figures 2 and 3 show the variability of blade 
morphology and cell structure, respectively, among all Ulva spp. collected in this 
study. Figures 4-7 show representative specimens for each of the four taxa 
found in the Great Bay Estuarine System, and all specimens collected during the 
present study are described in the Appendix. Some cellular characteristics were 
helpful for species differentiation, mainly pyrenoid number and chloroplast 
structure, but molecular analysis was required for definite identification of Ulva 
spp. due to the high morphological variability within species. 
Ulva compressa2 blade morphology was extremely variable (Figures 2, 4). 
Its chloroplasts filled the entire cell, but the presence of obvious starch grains 
sometimes prevented observation of the chloroplast and the determination of 
pyrenoid number (Figure 3). When pyrenoids were visible, I found many cells 
with multiple pyrenoids. Ulva rigida thalli were generally irregularly shaped, dark 
green in color and had a relatively rigid texture (Figures 2, 5). Ulva rigida 
specimens were difficult to differentiate from U. compressa because their blade 
morphology was similar. Ulva rigida cells were relatively large and contained 
parietal chloroplasts with multiple pyrenoids (Figure 3). The characteristic "teeth" 
3
 Ulva compressa specimens resembled what is described as Ulva pseudocurvata in Maggs et al. (2007), 
hence mistaken identification if the distromatic morphotype of U. compressa as U. pseudocurvata 
described in footnote 2. 
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on the blade margin of this species were not observed. Usually, (J. lactuca 
Linnaeus specimens were round with ruffled margins (Figures 2, 6) and had the 
characteristic lobed parietal chloroplast with a single pyrenoid, but multiple 
pyrenoids were often present (Figure 3). In surface view, Ulva pertusa looked 
similar to U. lactuca because the chloroplasts were confined to one side of the 
cell, but most cells were larger and had multiple pyrenoids (Figure 3). Ulva 
pertusa blades were often perforated with many holes (Figures 2, 7), and I 
encountered reproductive U. pertusa cells shown in Figure 8 that formed a wide 
reproductive margin. 
The distribution of different Ulva spp. varied geographically. Ulva lactuca 
and Ulva pertusa were the most widely distributed, occurring at Adams Point, 
Hilton Park, Fort Stark, and South Mill Pond (Figures 9 & 10). Both species were 
always found coexisting. Ulva rigida was found at Adams Point, South Mill Pond, 
and Oyster River. Ulva compressa was found only at two sites: Oyster River and 
Adams Point (Figures 9 & 10). Adams Point, a low ammonium site, had the 
highest species diversity, while South Mill Pond, a high ammonium site, had the 
second highest species diversity. No material was found at Chapman's Landing 
when collections were made for molecular identification. 
Environmental Influence on Ammonium Uptake Kinetics 
A control experiment conducted with flasks containing water spiked to four 
ammonium concentrations and no Ulva spp. blades showed no ammonium 
depletion over time (data not shown), while its depletion occurred when blades 
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were present. Because there may have been more than one Ulva spp. in the 
non-specific ammonium uptake experiments, only ammonium uptake data from 
Fort Stark and South Mill Pond compared with ammonium uptake data from 
South Mill Pond culture material are reported. Results showed a significant 
difference in ammonium uptake kinetics for the non-specific ammonium uptake 
experiments only between Fort Stark and South Mill Pond (p=0.044; Figure 11). 
The Vmax and Ks for Ulva spp. from Fort Stark (0.60 ±0.17 umol Ncm"2hr"1, 
110.2 ± 54.6 uM) were higher than for Ulva spp. from South Mill Pond (0.31 ± 
0.036 umol Ncrrf2hr~1, 40.7 ± 12.97 uM). The remaining sites did not show a 
significant difference in ammonium uptake kinetics curves and therefore are not 
shown. 
Modified ammonium uptake experiments that accounted for the presence 
of multiple species (i.e. species-specific ammonium uptake experiments) allowed 
for intraspecific comparisons of the ammonium uptake kinetics of the same Ulva 
spp. from sites with different nutrient histories. A summary of ammonium uptake 
kinetics values for all Ulva spp. and sites evaluated is shown in Table 6. Fort 
Stark and South Mill Pond were the only two paired sites in which the same 
species (U. lactuca and U. pertusa) were found. Hence, the ammonium uptake 
kinetics of these two species could be compared between the two sites. Curve 
comparison of the nonlinear regression analysis showed that there was no 
significant difference between the ammonium uptake kinetics of U. lactuca from 
Fort Stark and South Mill Pond (Figure 12 p=0.65). The Vmax and Ks for U. 
lactuca from Fort Stark were 0.34 ± 0.284 umol Ncm"2hr"1, 72.1 ± 208.88 uM 
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and 0.19 ± 0.01 umol Ncm"2hr"1, 27.6 ± 8.7 |JM for South Mill Pond. There was 
a large discrepancy between the Ks values for Ulva spp. and U. lactuca from 
South Mill Pond, suggesting that there may have been multiple species present 
in the initial ammonium uptake experiment. 
Comparison between ammonium uptake curves of U. pertusa from Fort 
Stark and South Mill Pond showed no significant differences in uptake kinetics 
(Figure 12). Fort Stark specimens had a Vmax of 0.26 ± 0.076 umol Ncm"2hr"1 
and a Ks of 93.8 ± 77.6 uM, compared to specimens from South Mill Pond that 
had a Vmax of 0.15 ±0.31 umol Ncm"2hr"1 and a Ks of 18.9 ±22.9 uM. 
Genetic Influence on Ammonium Uptake Kinetics 
The ammonium uptake experiments conducted with single Ulva spp. 
blades (i.e. species-specific ammonium uptake) also allowed for interspecific 
comparisons to be made between uptake kinetics of algae from the same study 
site. No significant difference was found between uptake kinetic curves of U. 
lactuca and U. pertusa from Fort Stark (Figure 13). 
Three species of Ulva were found at South Mill Pond: U. lactuca, U. 
pertusa, and U. rigida. The Vmax was 0.19 ± 0.01 umol Ncm~2hr~1 for Ulva 
lactuca, 0.15 ± 0.031 umol Ncm"2hr"1 for U. pertusa, and 0.11 ± 0.005 umol 
Ncm"2hr"1 for U. rigida. Ks values were 27.6 ± 8.7, 18.9 ± 22.9 and 7.8 ± 4.0 uM 
NH4+, respectively. An F test comparing the three uptake curves showed no 
significant difference (p=0.441), but when U. rigida and U. lactuca were 
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compared independently of U. pertusa, there was a significant difference 
between the two ammonium uptake curves (Figure 14; p=0.011). 
Ulva pertusa and U. lactuca plants from Hilton Park showed no significant 
difference in ammonium uptake curves (Figure 15; p=0.33). The Vmax and Ks 
values for U. pertusa were 0.21 umol Ncm"2hr"1 and 19.2 uM, respectively. The 
Vmax and Ks values for U. lactuca from Hilton Park were 0.30 umol Ncm"2hr"1 and 
20.3 uM, which were very similar those of U. pertusa from Hilton Park. Only one 
species of Ulva was collected from the Oyster River site, so no interspecific 
comparisons can be made. The Vmax and Ks values for U. compressa from 
Oyster River were 0.14 umol Ncm"2hr"1 and 35.2 uM, respectively (Figure 16). 
Although no similar species of Ulva were found at Hilton Park and Oyster River, 
there was a significant difference in ammonium uptake kinetics between U. 
lactuca from Hilton Park and U. compressa from Oyster River (p=0.023). Ulva 
lactuca had a Vmax twice that of U. compressa (0.30 vs. 0.14 umol Ncm"2hr"1) 
and a lower Ks (20.3 vs. 35.2 uM). 
Ulva rigida and the distromatic blade form of U. compressa were both 
found at Adams Point and they showed significant differences in ammonium 
uptake curves (p=0.035). The Vmax and Ks values for U. rigida from Adams Point 
were 0.12 ± 0.034 umol Ncm"2hr"1 and 10.9 ± 27.6 uM, respectively, verses 0.16 
± 0.014 umol Ncm"2hf1 and 14.2 ± 11.8 uM for U. compressa from Adams Point 
(Figure 17). As no Ulva spp. were present at Chapman's Landing during the 
collection period for the single blade ammonium uptake experiments, no uptake 
kinetics data were summarized from this site. Despite the variability in 
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ammonium uptake kinetics among different species and between different sites, 
all four taxa consistently showed decreased ammonium uptake rates at substrate 
concentrations greater than 200 uM, indicating that ammonium toxicity occurred 
beyond this concentration. 
Culture Development and Ammonium Uptake 
South Mill Pond specimens were the only algae successfully grown in 
culture to a large enough size for measuring ammonium uptake. The ammonium 
uptake curve for South Mill Pond cultures is shown in Figure 18. The Vmax was 
0.24 umol ± 0.045 Ncm"2hr"1 and the Ks was 33.1 ± 20.96 uM. Molecular 
analysis of the culture specimens indicated that most of them were U. lactuca, 
but some were U. rigida. As a result, the ammonium uptake data were a 
combination of U. lactuca and U. rigida data. 
Comparison of the ammonium uptake kinetics of South Mill Pond cultures 
and the field collected material showed no significant difference based upon an F 
test for nonlinear regression analysis (p=0.55). There was also no significant 
difference between South Mill Pond cultures and Fort Stark specimens (p=0.11). 
The culture studies were unsuccessful for all other sites. 
Tissue Analysis 
The protein content in Ulva spp. tissue varied seasonally between June to 
September (Figure 19). Typically, protein content was greatest in August and 
lowest in September with the exception of South Mill Pond where maximum 
values occurred in June. Some of the paired sites showed a significant 
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difference in tissue protein content depending on months of collection. In June, 
the average tissue protein content of Ulva spp. from South Mill Pond (5639.5 ± 
418.6) was significantly greater (p = 0.000043) than that from Fort Stark (2081.6 
± 418.6) (Figure 20). In addition, samples from South Mill Pond had the highest 
tissue protein content compared to all other sites. There were no collections 
made from Hilton Park or Chapman's Landing in June, so comparisons between 
the other two site pairs could not be made. 
The tissue protein contents at different sites were most variable in July 
(Figure 21). Adams Point samples had higher protein contents (3243.0 ± 354.6) 
than Chapman's Landing samples (1708.6 ± 354.6), but the trend was not 
significant (p = 0.054). The other paired sites did not show significant differences 
in protein content, but specimens from South Mill Pond had the highest tissue 
protein content compared to all other sites. No significant difference was found 
in protein tissue content between any sites during the month of August, although 
South Mill Pond samples continued to have the highest protein levels (Figure 22). 
September samples of Ulva spp. also showed no significant difference between 
any of the paired sites, and this was the only month in which South Mill Pond 
samples had lower tissue protein than those from Fort Stark, which showed the 
highest protein content for September compared to the other sites (Figure 23). 
Both chlorophyll and carotenoid content were measured in Ulva spp. 
during August and September. Chlorophyll a and b content were both higher in 
August than in September for Hilton Park, whereas only Chlorophyll a differed 
between August and September for Adams Point (Figure 24). Hilton Park and 
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Oyster River showed a significant difference in chlorophyll a:b and carotenoid 
content, but this was only significant in September (Figure 25). Ulva spp. from 
Hilton Park had significantly higher chlorophyll a:b ratios (1.39 ±0.06; p«0.05) 
and total carotenoids (0.29 ug-cm"2 ± 0.07; p=0.03) than specimens from Oyster 
River in September (1.12 ± 0.06; 0.16 pg-cm"2 ± 0.07). Monthly differences were 
apparent between Ulva spp. from Fort Stark for chlorophyll a:b ratios (p=0.004), 
but not for total carotenoid content. Chlorophyll a:b was higher in August (1.47 ± 
0.04) than in September (1.16 ± 0.06). In addition, Ulva spp. from Adams Point 
showed significantly higher carotenoid contents in August (0.43 ug-cm"2 ± 0.06; 
p=0.03) than September (0.09± 0.07). 
When chlorophyll and carotenoid content data were related to each other, 
a different pattern was observed. There was a significant difference (p = 1.7 E -
10) in mean chlorophylhcarotenoid ratios between Ulva spp. collected from the 
sites farthest from the coast (Chapmans Landing, Adams Point, Oyster River) 
verses the mid and outer estuarine sites close to the coast (Hilton Park, South 
Mill Pond, Fort Stark). The inland estuarine sites had significantly higher 
chlorophylhcarotenoid ratios than the outer estuarine sites (Figure 26). 
Blade color analysis of Ulva spp. using the X-Rite Color Digital 
Swatchbook was consistent with the pigment analysis. A MANOVA conducted 
on the blade color analysis data revealed that there was a significant difference 
in blade color between specimens from Oyster River and Hilton Park (p=0.0000; 
Figure 27). Hilton Park specimens were lighter in color (higher on the "L" axis) 
and more yellow-green (more positive on the "b" axis, more negative on the "a" 
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axis, respectively) than the Oyster River samples. No other paired sites showed 
significant differences in blade color. 
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DISCUSSION 
Morphological and Molecular Identification of Ulva spp. 
Several studies have reported that morphological features are not reliable 
characteristics to use for species identification in Ulva (Coat et a/., 1998; Malta et 
a/., 1999; Woolcott & King, 1999; Shimada et a/., 2003; Loughnane etal., 2008). 
The use of ITS regions for species identification has been proposed as a solution 
for this identification problem (Tan etal., 1999; Hayden era/., 2003; Shimada et 
a/., 2003; Lopez et al., 2007). In the present study, Ulva specimens were 
successfully differentiated using ITS sequences. The combination of 
morphological and molecular characteristics employed here revealed four 
different Ulva taxa from The Great Bay Estuarine System. Ulva lactuca was the 
only distromatic species previously known from this area (Mathieson & Hehre, 
1986; Mathieson & Penniman, 1986; Bohnsack, 2003). Thus, two new taxa, U. 
rigida and U. pertusa, and the foliose morphology of U. compressa are confirmed 
from this study. Although U. lactuca is a common species found in the estuary, 
the concept of U. lactuca is presently changing, and the species identified in this 
study will probably be renamed in the near future (C. Maggs and F. Mineur, pers. 
com.). 
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The tubular form of U. compressa is common within The Great Bay 
Estuarine System. The distromatic blade morphotype has previously been 
reported in other areas and is apparently not as rare as formerly thought 
(F.Mineur, pers. comm.). Previously the distromatic form of U. compressa has 
been confused with U. pseudocurvata due to similarities in morphology and 
cellular characteristics. Because of this confusion, the ITS sequences on 
GenBank from Hayden et al. (2003) and Hayden and Waaland (2004) are 
misidentified as U. pseudocurvata when they are actually sequences from a 
distromatic U. compressa (F. Mineur, pers. comm.). Due to misidentification of 
distromatic U. compressa, the species was at one point synonymized with U. 
pseudocurvata (Tan etal., 1999; Hayden et al., 2003; Hayden and Waaland, 
2004). However, despite the morphological similarities between U. 
pseudocurvata and the distromatic U. compressa, the two species are not closely 
related (Maggs etal., 2007). 
The factors controlling the development of Ulva compressa into one 
morphological form or the other are unknown. Blomster et al. (1998) reported 
that the morphologies of U. compressa and U. intestinalis (reported as 
Enteromorpha spp.) varied depending on the salinity of their environment. Low 
salinity or salinity shock was correlated with branch development in U. 
intestinalis, which complicates differentiation between the two species because 
the tubular form of (J. compressa is also branched. Furthermore evidence for the 
influence of salinity on morphological development in Ulva spp. is provided by 
Tan et al. (1999) who suggested that salinity may influence morphological 
41 
development in U. compressa. They reported that the U. pseudocurvata 
specimens (probably distromatic U. compressa) were collected from the upper 
Ythan Estuary (Scotland) close to the freshwater source, whereas the tubular U. 
compressa specimens occurred in more coastal sites near the mouth of the 
estuary. In this study, the distromatic form of U. compressa was found at the 
Adams Point and the Oyster River sites, both of which are more than 10 miles 
inland from the coast and have relatively low salinity compared to coastal sites. 
No samples of U. compressa were collected from the lower estuarine sites, and 
this may be because the species was present in its tubular form at higher salinity 
sites and not collected for this study. 
Mathieson and Hehre (1986) and Mathieson and Penniman (1986) 
reported U, compressa (reported as Enteromorpha comrpessa) as a 
cosmopolitan species in the Great Bay Estuarine system as it occurred both in 
open coastal and estuarine sites. The species was recorded at Colony cove, 
Crommett Creek, and the Oyster River tidal headwater in Durham, NH. The 
salinity range of all three sites is wide, and both Crommett Creek and the Oyster 
River sites can exhibit freshwater conditions. The distromatic morphotype of U. 
compressa was also found near the tidal headwater of the Oyster River in the 
present study, so it is possible that the two morphotypes are coexisting, in which 
case the influence of salinity on morphological development might not be the 
best explanation for the existence of the two morphotypes. However, due to the 
fact that U. intestinalis can exhibit branching under low salinity conditions 
(Blomster et a/., 1998), those species reported as U. compressa from the Oyster 
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River tidal headwater (Mathieson and Hehre; Mathieson and Penniman, 1986) 
may have been branched forms of U. intestinalis. Molecular investigation of 
freshly collected as well as herbarium specimens should be conducted following 
this study in order to determine whether or not the two morphotypes of U. 
compressa are co-inhabiting low salinity sites in the Great Bay Estuarine System. 
If they do not coexist, the variable morphology found within U. compressa 
provides further support for Tan et a/.'s (1999) hypothesis that there may be 
reversible genetic switches controlling morphological development in Ulva, and 
they may be influenced by salinity in some cases. 
Ulva rigida is a common species found on the east coast of North America 
from Newfoundland, Canada to Long Island Sound, New York. However, it has 
not been reported from the coasts of Massachusetts or New Hampshire (Sears, 
2002). In the present study, it was found at several sites in the lower and upper 
Great Bay Estuarine System. The ITS sequences of Ulva rigida specimens 
collected in this study matched exactly the U. scandinavica sequence recorded 
by Shimada et al. (2003) (Accession # AB097659), but they differed by five base 
pair substitutions compared to the U. rigida sequences submitted by Hayden et 
al. (2003) and Tan et al. (1999). Previous studies have shown analogous 
differences between the ITS sequences of U. rigida, U. scandinavica, and U. 
armoricana, which are three very closely related and morphologically similar taxa 
that have been synonymized with U. rigida (Maggs et al., 2007). Coat et al. 
(1998) found six base pair substitutions between U. armoricana and U. rigida. 
Lougnane etal. (2008) and Malta et al. (1999) found small differences in ITS 
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sequences in rbcL and ITS sequences between the three taxa, but both showed 
that they were very closely related. Maggs et al. (2007) reported that the 
intraspecific variation in ITS sequences is similar to the interspecific variation 
between the three groups, so the three taxa are considered synonymous. There 
was little to no intraspecific variation in ITS sequences among the specimens 
collected in this study. 
Ulva pertusa specimens collected in this study usually contained holes 
that were useful in distinguishing it from other Ulva spp. The holes are described 
as resulting from morphological development rather than grazing, a common 
cause of holes in other Ulva spp. (Shimada et al., 2003; Lopez et al., 2007). The 
holes in U. pertusa specimens observed here were usually relatively small and 
not as extensive as those reported for older specimens. Ulva pertusa is a 
species of Asian origin with a distribution that includes the North and South 
Pacific and the coasts of South Africa and Europe (Guiry & Guiry, 2009). It is 
recently reported in Europe by Lopez et al. (2007). The method of introduction is 
unknown, but is assumed to have been from Asian oyster aquaculture (Verlaque, 
2001; Verlaque et al., 2002; Lopez et al., 2007). The species was reported off 
the cost of Brittany, France and in the Mediterranean Sea in 1994 (Lopez et al., 
2007 found it was misidentified as U. rotundata in Coat et al., 1998; Varlaque, 
2002) and on the Iberian Peninsula in 2007, but it is thought to have been there 
since at least as far back as 1990 (Lopez et al., 2007). It has also been reported 
in the Netherlands (Stegenga etal., 2007). 
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The present study provides the first report of U. pertusa from the 
Northwestern Atlantic Ocean. Mathieson et al. (2008) clarified and molecularly 
verified the presence of 20 introduced seaweed species in the Northwest 
Atlantic, two of which were green algae. The presence of U. pertusa in the Great 
Bay Estuarine System adds an additional introduced species to the list, resulting 
in the presence of 3 introduced species of green algae out of 21 total species in 
the Northwest Atlantic. 
Ulva pertusa was found at four sites in The Great Bay Estuarine System, 
always in association with U. lactuca. Despite its wide ecological range, it 
seemed to be more successful in the lower than the upper estuary. Figure 28 
shows U. pertusa and U. lactuca growing epiphytically on the same blade of 
Chondrus crispus Stackhouse from Hilton Park, revealing that the two species 
share similar niches but can still coexist. Thus U. pertusa has a wide estuarine 
distribution and can tolerate a broad range of salinities, but it does not seem to 
be outcompeting U. lactuca at Hilton Park based on frequent collections of both 
species. Nevertheless, more thorough and continuous investigations of the 
biodiversity of Ulva spp. should be made in the future to monitor the distribution 
and potential spread of U. pertusa in the Northwest Atlantic due to the fact that it 
is a non-native species. 
The results of this study, in conjunction with several others (Malta et al., 
1999; Tan et al., 1999; Loughnane etal., 2008) provide further evidence that 
morphological characteristics are not always reliable to make definitive species 
identifications of Ulva thalli with distromatic blades. Thus, molecular data are 
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essential for ensuring correct species identification, which are crucial for accurate 
biodiversity measurements, monitoring of introduced species, and sound 
ecological and physiological studies. 
For molecular data to be most significant every effort must be made to 
sequence toype material or at least samples from type locations. Taxonomic 
research relies on holotype specimens for the delineation of current and new 
taxa throughout the world. GenBank provides sequences for reference, but 
some are misidentified due to the lack of holotype sequences. The confusion 
caused by misidentified sequences is a clear indication that sequencing holotype 
material is an important pursuit that should be continued because it alleviates 
much confusion in the taxonomic research world. 
Environmental Influence on Ammonium Uptake Kinetics 
The ammonium uptake rates observed in this study were comparable to 
those documented by Taylor et al. (1998) who measured uptake rates of Ulva 
spp. relative to surface area rather than weight as in the present study. The 
mean ammonium uptake rate for Ulva spp. exposed to 10 uM ammonium 
reported in their study was 0.025 umolcm"2h"1. The lowest ammonium 
treatment used in my study was 25 uM, with uptake rates generally two to three 
times higher than those reported by Taylor et al. (1998) at 10 uM ammonium. 
Because the relationship between ammonium uptake and ammonium 
concentration is basically linear at low ammonium concentrations, the higher 
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ammonium uptake rates observed in this study at 25 uM ammonium are 
comparable to those reported by Taylor et al. (1998). 
The range of Ks previously reported for Ulva spp. was variable, while the 
values observed in my study were at the high end of this range. Runcie et 
a/.(2003) also observed high Ks values for U. lactuca relative to other studies 
(Pedersen, 1994; Campbell, 1999), but they reported that the lower Ks values 
were a result of longer incubation times. In contrast to this claim, my study 
consisted of relatively long incubation times (2 hours) and high Ks values were 
observed. Runcie et al. (2003) also found that Ks values varied depending upon 
incubation time; therefore comparing Ks between studies that used different 
incubation times may not provide useful or dependable information. The 
relatively long incubation time used here was necessary for observing 
measurable decreases in ammonium due to the relatively low macroalgal 
tissue:water volume ratios employed. 
According to Pedersen (1994), ammonium uptake consists of three 
phases: surge, internally controlled, and externally controlled uptake. Surge 
uptake is controlled by initial adsorption of molecules to the cell wall and the 
status of small inorganic nitrogen and amino acid pools. Internally controlled 
uptake rates decrease after the initial surge uptake and are regulated by the 
assimilation of ammonium into amino acids and their subsequent incorporation 
into macromolecules. Externally controlled uptake occurs at very low ammonium 
concentrations and is dependent upon the ammonium available in the medium. 
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In Pedersen's (1994) study, he found that incubation periods on the scale 
of hours incorporated both the initial surge uptake rates and the internally 
controlled uptake rates, resulting in an overestimate of uptake relative to the 
rates controlled by internal nitrogen content. The 2 hour incubation period used 
here may have contributed to the high Ks values observed, but since all 
specimens were exposed to the same treatments, it should not affect 
comparisons. The values I found are unlikely to be highly overestimated, as the 
plants employed were not nitrogen starved. Thus, surge uptake was most likely 
short-lived compared to previous studies that employed nitrogen starved algae in 
uptake experiments. The goal of this study was to compare ammonium uptake 
kinetics between different populations based on their environmental nutrient 
history; hence, ammonium uptake was measured as quickly as possible after 
being collected and with a short acclimation period. The uptake rates measured 
here probably represent the internally controlled ammonium uptake rates that are 
dependent upon their environmental nutrient history. 
Although Ulva spp. from various sites throughout the estuary were subject 
to different salinities, it has been reported that salinity does not significantly affect 
ammonium uptake kinetics in Ulva lactuca (Lartigue et a/., 2003). Therefore, the 
salinity differences from various sites were probably not a cause for concern 
when comparing the ammonium uptake kinetics of different populations. 
The ammonium uptake experiments conducted with unknown Ulva spp. 
showed significantly higher ammonium uptake rates for plants from Fort Stark 
than South Mill Pond. The higher Vmax for Fort Stark specimens supports the 
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hypothesis that macroalgae from oligotrophic environments have higher uptake 
capacity than those from eutrophic environments. Barr and Rees (2003) found 
that U. intestinalis specimens from eutrophied areas had relatively high tissue 
nitrogen, and therefore lower ammonium assimilation rates, as they are 
influenced by the rate of amino acid synthesis and incorporation into 
macromolecules (Pedersen, 1994; Jing-Wen & Shuang-Lin, 2001). When 
nitrogen is abundant in an aquatic environment, algae are able to assimilate it 
into amino acids and subsequently macromolecules. Thus, when tissue reserves 
are high, there is no need for the algae to take up ammonium at high rates. In 
fact, some algae, including Ulva lactuca, are unable to accumulate ammonium in 
their cells, so it must be assimilated immediately, or it will not be absorbed if the 
internal nitrogen pools are full (Runcie et a/., 2003). As a result, algae from high 
nutrient areas generally have slower uptake and assimilation rates than those 
from low nutrient areas. 
The Ks values for Fort Stark and South Mill Pond Ulva did not support the 
same hypothesis noted above. South Mill Pond specimens had lower Ks values 
than Fort Stark specimens, suggesting that the former had a higher affinity for 
ammonium than the latter. Low Ks values indicate more efficient nutrient uptake 
(higher affinity) because algal cells can take up the substrate faster at lower 
substrate concentrations. I expected to find lower Ks values for Fort Stark 
specimens based on their nutrient history that would result in more efficient 
nutrient absorption from the water column. Although the Ks values did not 
support this hypothesis, an additional uptake kinetics parameter can be used for 
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making comparisons between macroalgal affinities for a substrate: the Vmax:Ks 
ratio (also represented as a). The ratio is useful because Ks is dependent on 
Vmax. Hence, the ratio of the two parameters can be used as a more accurate 
measurement of affinity when Vmax values differ greatly between two species or 
populations (Lobban and Harrison, 1997). In the case of Ulva spp. from Fort 
Stark and South Mill Pond, their a values were very similar (0.0055 and 0.0076 
respectively) despite the fact that their Ks values differed greatly. Observations 
of the relationship between ammonium uptake rate and ammonium concentration 
for Ulva spp. from these two sites revealed that the initial slope of each curve 
was similar (Figure 11), which was in agreement with the a values and suggested 
that these specimens had similar affinities for ammonium. Hence, this was a 
case where the Vmax:Ks ratios provided more accurate indications of Ulva spp. 
affinity for ammonium than the Ks values. 
When Ulva lactuca from Fort Stark and South Mill Pond were compared, 
the ammonium uptake kinetics showed the same pattern as reported above, but 
they were not significantly different. With more replication, there would probably 
be a significant difference between the two uptake curves because the Vmax and 
Ks of Ulva lactuca from these two sites were dissimilar. Although there was no 
significant difference between the uptake kinetics curves for U. pertusa from Fort 
Stark and South Mill Pond, specimens from Fort Stark had a higher Vmax and Ks 
than those from South Mill Pond. The a values confirmed that U. pertusa from 
South Mill Pond had a higher affinity for ammonium than U. pertusa from Fort 
Stark, which again did not support the hypothesis that Ulva spp. from eutrophic 
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sites would have higher affinities for ammonium than Ulva spp. from oligotrophia 
sites. 
The ammonium uptake curves of specimens from Fort Stark did not follow 
Michaelis Menten uptake kinetics as closely as specimens collected from other 
sites. In fact, the uptake rates for Ulva lactuca and U. pertusa from Fort Stark 
were almost linear with respect to ammonium concentration until concentrations 
reached 200 uM, at which point the uptake rates dropped. Michaelis Menten 
enzyme kinetics may not actually provide an accurate model for Fort Stark 
specimens, which would explain why the substrate affinity did not follow the 
expected patterns for this site compared to South Mill Pond. Fujita (1985) also 
reported linear ammonium uptake in U. lactuca collected from the field, but only 
concentrations up to 60 uM were investigated in his study. He suggested that 
uptake may be non-saturable at higher concentrations than those he 
investigated, which was the case in the present study for Fort Stark specimens. 
In the range used here (25-250), uptake rates did not become saturated, but 
when concentrations reached 200 uM, uptake rates decreased indicating that 
ammonium may have become toxic beyond this concentration. 
Although Fort Stark Ulva lactuca and U. pertusa specimens showed 
almost linear uptake rates, the slope of the uptake curves for Fort Stark 
specimens were not higher than those from South Mill Pond as was expected 
due to the ammonium histories of the two sites. Water motion is a possible 
explanation for the similar a values observed in Fort Stark and South Mill Pond 
Ulva spp. Parker (1981) reported that U. lactuca exposed to water motion had 
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enhanced ammonium uptake versus U. lactuca exposed to still water at most 
ammonium concentrations examined. Fort Stark is an exposed coastal site, and 
therefore has higher water motion compared to most of the other sites examined. 
Consequently, the ammonium availability for Ulva spp. growing at Fort Stark may 
be high despite the low ambient ammonium concentrations. The consistent 
availability of ammonium for the Fort Stark Ulva spp. may account for those 
specimens exhibiting affinities for ammonium that were similar to specimens from 
South Mill Pond, a high ammonium site. 
In conclusion, comparison of ammonium uptake kinetics between Ulva 
spp. from sites with different ammonium histories did not necessarily coincide 
with previously reported results, which found that enriched macroalgae showed 
lower uptake affinities for ammonium than unenriched or starved macroalgae 
(Carpenter and Guillard, 1971; Fujita, 1985; Pedersen and Borum, 1997). 
However, these studies usually altered the nitrogen status of the macroalgal 
tissue prior to measuring ammonium uptake rates by enriching or starving the 
plants, which exaggerates their ammonium uptake response and may not be 
comparable to natural responses. Furthermore, the nitrogen status of a plant 
may not always be correlated with the nitrogen history of a site. Barr and Rees 
(2003) compared three populations of U. intestinalis from sites with different 
nitrogen histories and found that the concentration of inorganic nitrogen in the 
seawater did not necessarily correlate with the nitrogen status of the plants. 
They hypothesized that there may be other nitrogen sources, particularly 
ammonium sources, such as invertebrate excretion that may be episodic and/or 
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immeasurable. In comparison, the ammonium uptake kinetics of populations 
measured in this study also did not always fit the expected patterns, and might 
be due to other nutrient sources or environmental factors as hypothesized by 
Barr and Rees (2003). However, based on the results from the experiments 
described above, it would be more appropriate to collect Ulva lactuca and U. 
pertusa from oligotrophic rather than eutrophic environments if they were to be 
used as ammonium biofilters because despite their lower affinity for ammonium 
at Fort Stark, they did have high affinity for ammonium when collected from 
Hilton Park (a low ammonium site) and consistently had higher Vmax values than 
their counterparts from eutrophic sites indicating a higher uptake efficiency for 
ammonium. 
Genetic Influence on Ulva spp. Ammonium Uptake Kinetics 
There was no significant difference between the ammonium uptake curves 
for South Mill Pond cultured and in situ South Mill Pond and Fort Stark materials. 
However, the uptake kinetics of cultured specimens showed more resemblance 
to South Mill Pond than Fort Stark specimens. Thus, my results suggest that 
there may be a genetic influence on ammonium uptake kinetics since the 
cultured materials had uptake kinetics similar to their parents, despite varying 
culture conditions and in situ field collections. Unfortunately, material from other 
sites was not successfully grown in culture, so similar comparisons cannot be 
made. 
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Ulva lactuca and U. pertusa from Fort Stark had similar uptake kinetics 
and would therefore be equally efficient as ammonium biofilters; the same was 
true for both species from Hilton Park. Of the three species from South Mill Pond 
(U. lactuca, U. pertusa, and U. rigida), U. rigida had the lowest Ks and thus the 
greatest affinity for ammonium. However, its uptake capacity was lower than the 
other two species from South Mill Pond. The differences between these three 
species from South Mill Pond were small and insignificantly different; hence, they 
seem to be equally efficient at taking up ammonium from their environment. It 
should be noted that the most polluted site, South Mill Pond, had the second 
highest diversity of Ulva spp. after Adams Point, a low ammonium site. 
The significant difference in ammonium uptake kinetics between Ulva 
rigida and U. compressa from Adams Point showed that U. rigida had a lower Ks 
than U. compressa, indicating a higher affinity for ammonium and a slightly lower 
uptake capacity (i.e. lower Vmax). However, the Vmax:Ks ratios for these two 
species from Adams Point were identical (0.011), indicating that they had a 
similar affinity for ammonium. It was somewhat surprising to find that U. rigida 
was not significantly better at ammonium uptake versus other Ulva spp. since it is 
a very common bloom-forming species in Europe (Sfriso etal., 1992; Viaroli et 
a/., 1993; Viaroli et al., 1996). 
Although Adams Point and the Oyster River site were not directly 
compared, they were the only two sites where distromatic Ulva compressa was 
found. Observation of the uptake kinetics of U. compressa from these two sites 
revealed similar Vmax values, but the Ks for Oyster River material was more than 
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twice that from Adams Point. In addition, the Vmax:Ks ratio for U. compressa from 
Oyster River (0.004) was much lower than the same species from Adams Point 
(0.011), suggesting that U. compressa from Adams Point had a higher affinity for 
ammonium and may therefore be slightly better suited for bioremediation than 
Oyster River material. 
Overall, there was no clear pattern between ammonium uptake kinetics, 
environmental nutrient history, and species of Ulva. However, both 
environmental history and taxonomic differences between populations seemed to 
influence ammonium uptake kinetics. Generally, the low ammonium sites 
consistently showed high Vmax and Vmax:Ks ratios (with the exception of Fort 
Stark) across all species sampled, which is consistent with the hypothesis that 
algae from oligotrophic areas have higher uptake capacity and affinity than those 
from eutrophic environments. Hilton Park and Fort Stark samples showed the 
highest Vmax values for U. lactuca and U. pertusa populations. Furthermore, 
Hilton Park and Adams Point specimens showed consistently high affinities for 
ammonium across all species (Table 6). As a result, it seems that U. lactuca and 
U. pertusa from low ammonium environments, particularly Hilton Park, have the 
most efficient ammonium uptake kinetics. At the highest nutrient site, South Mill 
Pond, these two species had lower Vmax values than the low nutrient sites, but 
they still had higher uptake capacity than U. rigida specimens from the same site. 
However, U. rigida had a higher affinity for ammonium at South Mill Pond than U. 
lactuca and U. pertusa, so it is not clear which of the three species from South 
Mill Pond would be better for bioremediation. 
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In conclusion, environmental nutrient history influences ammonium uptake 
kinetics of Ulva populations, and these influences cross species boundaries. In 
general, algae from low ammonium sites had relatively high a values indicating a 
high affinity for ammonium. However, some species consistently showed more 
efficient ammonium uptake kinetics than others regardless of environmental 
nutrient history. Generally, U. lactuca and U. pertusa retained higher Vmax values 
than all other species evaluated. Therefore, I conclude that environmental 
nutrient history strongly affects substrate affinity, but some genetic factor 
maintains relative uptake rates within individual taxa, resulting in a sort of 
hierarchy between species with respect to maximum uptake rate. As a 
consequence, the Ulva spp. examined in this study that would be the most 
efficient ammonium bioremediators are U. lactuca and U. pertusa from low 
ammonium areas. 
Ulva pertusa is a species of Asian origin, and therefore its efficiency of 
ammonium uptake on the western Atlantic coast may be a cause for concern. 
Although U. pertusa is currently coexisting with U. lactuca and U. rigida at Hilton 
Park and South Mill Pond, there may be a potential for U. pertusa to outcompete 
other Ulva spp. in the future, especially if this species is a recent introduction and 
has not yet stabilized its interactions with other species. An investigation of 
historical records of Ulva spp. for this area is important in order to determine the 




The protein content of Ulva spp. from South Mill Pond was the highest for 
all months except September, when the protein content at all sites declined 
relative to previous months. In July, the protein content corresponded to the 
relative ammonium levels at the paired sites, except for Chapman's Landing 
samples (high ammonium site) that had lower protein than the Adams Point 
samples (low ammonium site). In August, protein contents in all samples were 
relatively equal, and no differences were observed between sites. In September, 
overall protein content decreased and did not correspond well to ammonium 
concentration patterns at the paired sites. 
In conclusion, protein was not a good representative of the history of 
ammonium concentration at any of the sites evaluated. The reason may be that 
macroalgae at high ammonium sites are using the available nitrogen for growth 
rather than protein production, so the assimilated ammonium is not concentrated 
as protein in their cells. Hardwick-Witman and Mathieson (1986) reported that 
tissue nitrogen levels in Ascophyllum nodosum followed the same pattern as 
ambient inorganic nitrogen levels, but its growth rate did not. Instead, growth 
occurred during the summer when ambient nitrogen concentrations are lowest in 
the Great Bay Estuarine System (Mathieson et al., 1976). Because Ulva spp. are 
unable to store ammonium in their tissue like perennial species, most of the 
nutrients they absorbed during the summer may have gone towards growth as 
light was not a limiting factor. Instead of protein, the free amino acid (FAA) pool 
may have been a better indication of nutrient history in the environment because 
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ammonium is assimilated more quickly into amino acids than proteins. 
Furthermore, FAA has been shown to provide feedback inhibition in ammonium 
uptake and assimilation (Pedersen, 1994; McGlathery et al., 1996; Jing-Wen & 
Shuang-Lin, 2001). Unfortunately, attempts to quantify amino acid content in 
Ulva spp. tissue were not successful in this study. 
Chlorophyll a:b ratios for Ulva spp. in this study were slightly lower than 
those reported in the literature. Chlorophyll a:b ratios for green algae are 
generally low compared to higher plants. Nakamura et al. (1976) found that 
chlorophyll a to b ratios ranged from 1.5 to 2.2 in marine green algae. My results 
showed a range of 1.2 to 1.4, which is near the low end of previous findings. 
Time of year and environmental conditions can affect the chlorophyll a to b ratios 
in marine algae, and they may account for the low values observed in this study. 
Pigment contents showed a similar seasonal pattern to protein content, 
and generally they were higher in Ulva spp. tissue in August than September. 
Protein and pigment content are related because of the chlorophyll-protein 
complexes present in the photosynthetic apparatus (Beale & Weinstein, 1991). 
Furthermore, chlorophyll biosynthesis involves the precursor glutamate, which is 
an amino acid product of nitrogen assimilation. Therefore, chlorophyll and 
protein biosynthesis essentially compete with each other (Precali & Falkowski, 
1983) and nitrogen is thought to be transferred from the chlorophyll synthesis 
pool to the protein synthesis pool under low nitrogen conditions (McGlathery & 
Pedersen, 1999; Menendez et al., 2002). Since the sites used in this study had 
relatively high nitrogen availability, chlorophyll and protein synthesis were not 
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competing heavily. Hence, it is not surprising that these two physiological 
parameters showed similar seasonal patterns. However, chlorophyll a:b ratios 
were significantly different between Fort Stark and South Mill Pond in September, 
which was a result of decreased chlorophyll a content in Fort Stark specimens. A 
corresponding decrease in protein and carotenoid content was observed in 
September collected Fort Stark specimens. The decrease in both protein and 
chlorophyll a content suggest that there may have been unusually low nitrogen 
availability at Fort Stark in late August or September. 
Pigment content and blade color analysis in Ulva spp. did not correspond 
well with relative ammonium history of study sites, but blade color analysis could 
be used to detect differences between chlorophyll:carotenoid ratios. Blade color 
of Ulva spp. from Hilton Park was more yellow-green according to the color 
analysis, which corresponded with higher chlorophylLcarotenoid ratios in Oyster 
River samples and suggested they had lower carotenoid content than Hilton Park 
samples. The results are consistent with the fact that changes in the relative 
concentration of chlorophyll and carotenoids in plant tissue affect tissue color. 
Haxo & Clendenning (1953) found a chlorophyll to carotenoid ratio of 8.3 in 
vegetative thalli of U. lactuca var. rigida Le Jolis (=U. rigida), but the reproductive 
margins of the blade had much higher carotenoid content and thus lower 
chlorophyllxarotenoid ratios. The chlorophylLcarotenoid ratios of Ulva spp. 
vegetative thalli measured in this study varied from 6.8 and 15.4, which is a large 
range but includes the values previously reported by Haxo and Clendenning. 
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A distinct difference between the chlorophylhcarotenoid ratios was 
observed for the inland sites compared to the outer estuarine and coastal sites. 
The inner estuarine sites: Chapman's Landing, Adams Point and Oyster River 
had significantly higher chlorophylhcarotenoid ratios compared to the mid to outer 
estuarine and coastal sites (Hilton Park, South Mill Pond, and Fort Stark). 
Distinct salinity differences exist between these sites, as well as differences in 
substratum and water clarity (Mathieson and Hehre, 1986; Mathieson and 
Penniman, 1986). The sites farthest inland (> 10 miles from coast) are less 
saline, have muddy substrata, and low water clarity, while the outer estuarine 
and coastal sites (< 10 miles from coast) are more saline, have rocky substratum, 
and better water clarity. Water clarity may be the most influential factor for 
chlorophylhcarotenoid ratios since low light conditions lead to higher pigment 
production or altered pigment ratios (Ramus et al., 1976). Henley and Ramus 
(1989) reported that carotenoid:chlorophyll ratios were positively related to light 
exposure in Ulva rotundata. The Ulva spp. specimens from inner estuarine sites 
in the Great Bay Estuarine System had higher chlorophylhcarotenoid ratios most 
likely because of the poor water clarity and muddy substrata characteristic of the 
inner most estuarine sites, which reduced the amount of light exposure to those 
algae. As a result, the carotenoid content was relatively low. In contrast, the 
three sites closest to the coast were characterized by rocky substrata and fair 
water clarity, and specimens from those sites had low chlorophylhcarotenoid 
ratios due to relatively high carotenoid concentrations in response to higher light 
exposure. Furthermore, lower chlorophylhcarotenoid ratios in the three sites 
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closest to the coast may be a result of generally lower nitrogen availability 
compared to the three inner estuarine sites, because it has been documented 
that carotenoid:chlorophyll a ratios increase when nitrogen is limiting (Plumley ef 
a/., 1989). 
Conclusion 
In conclusion, my results document two newly recorded species of Ulva 
present in New Hampshire (U. pertusa and U. rigida), with the first also being 
new to the Northwestern Atlantic coast. The occurrence of a distromatic 
morphotype of U. compressa is also newly described for this geography and 
primarily found in upper estuarine sites. Thus, the biodiversity of Ulva spp. in 
The Great Bay Estuarine System is double that previously documented 
(Mathieson and Hehre, 1986). Both environmental nutrient history and taxonomy 
influence ammonium uptake kinetics, but each affects a different uptake 
parameter. If Ulva spp. are collected from the field with the intended use of 
filtering ammonium from polluted waters, they should be collected from 
environments with relatively low ammonium concentrations due to their higher 
ammonium affinities relative to those from highly eutrophic environments. The 
same is true for Ulva spp. that were grown in culture for the purpose of 
bioremediation. They should be grown under oligotrophic conditions so that their 
uptake kinetics will be most efficient. The two most appropriate species for this 
purpose are U. lactuca and U. pertusa. 
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In investigating the biodiversity of Ulva spp. it is important to use 
molecular as well as morphological assessment. My results suggest that the 
introduced species U. pertusa may be more efficient at ammonium uptake than 
some native Ulva species. Its high uptake efficiency combined with other 
physiological or environmental factors could make the introduced species more 
competitive than native species. Considering that native Ulva spp. blooms can 
have negative impacts on eutrophic estuaries (Valiela et al., 1997; Hauxwell et 
al., 2001; Deegan et al., 2002; Hauxwell et al., 2003), the potential for even more 
severe blooms from introduced "green tide" species could be even more 
detrimental to estuarine ecosystems. Exploiting the physiology of Ulva spp. for 
bioremediation is a good way to turn a nuisance macroalgal bloom into a useful 
solution, but the introduction of new species into already polluted environments 
can create a whole new difficult problem. Therefore, strict management 
regulation is essential for stopping the introduction of new species around the 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Umbraulva olivascens AY260564 
























"U. pseudocurvata"Tan et a/.1999 




U. rigida AB097659 
Figure 9. Phylogenetic tree containing sequences representing four distromatic Ulva 
taxa found in the Great Bay Estuarine System that are labeled with site abbreviations 
and collection number. The sequences labeled with accession numbers are from 
GenBank. The sample labeled "U. pseudocurvata" from Tan etal., 1999 actually 
represents the distromatic morphotype of U. compressa. Posterior probability 
values from MrBayes analysis and bootstrap values from neighborjoining and 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































E o b) as O 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Ayoub, A. T. 1999. Fertilizers and the environment. Nutrient Cycling in 
Agroecosystems 55:117-21. 
Barr, N. G. & Rees, T. A. V. 2003. Nitrogen status and metabolism in the green 
seaweed Enteromorpha intestinalis: an examination of three natural 
populations. Marine Ecology Progress Series, pp. 133-44. 
Beale, S. I. &Weinstein, J. D. 1991. Biochemistry and regulation of 
photosynthetic pigment formation in plants and algae. In: Jordan, P. M. 
[ed.] Biosynthesis of Tetrapyrroles. Elsevier, New York, 155-235. 
Blomster, J, Maggs, C. A. & Stanhope, M. J. 1998. Molecular and morphological 
analysis of Enteromorpha intestinalis and E. compressa (Chlorophyta) in 
the British Isles. J. Phycol. 34:319-40. 
Bohnsack, M. V. 2003. Illustrated key to the seaweeds of New England. The 
Rhode Island Natural History Survey, Kingston, 
Bradford, M. 1976. A rapid and sensitive method for the quantitation of 
microgram quantities of protein utilizing the principle of dye-binding. Anal. 
Biochem 72: 248-254. 
Burrows, E. 1971. Assessment of pollution effects by the use of algae. 
Proceedings of the Royal Society of London. Series B, Biological Sciences 
177:295-306. 
Carlton, J. T. 2002. Bioinvasion ecology: Assessing invasion impact. In: Invasive 
Aquatic Species of Europe: Distribution, Impacts and Management. 
Leppakoski, E., Gollasch, S. & Olenin, S. [eds.]. Kluwer Academic 
Publishers, Dordrecht, pp. 7-19. 
Carpenter, E. J. & Guillard, R. R. L. 1971. Interspecific differences in nitrate half-
saturation constants for three species of marine phytoplankton. Ecology 
52:183-85. 
Chopin, T., Buschmann, A. H., Hailing, C, Troell, M., Kautsky, N., Neori, A., 
Kraemer, G. P., Zertuche-Gonzalez, J. A., Yarish, C. & Neefus, C. 2001. 
Integrating seaweeds into marine aquaculture systems: A key toward 
sustainability. J. Phycol. 37:975-86. 
97 
Chung, I. K., Kang, Y. H., Yarish, C, Kraemer, G. P. & Lee, J. A. 2002. Application of 
Seaweed Cultivation to the Bioremediation of Nutrient-Rich Effluent. Algae 
17:187-94. 
Coat, G., Dion, P., Noailles, M.-C, De Reviers, B. & Fontaine, J.-M. 1998. Ulva 
armoricana (Ulvales, Chlorophyta) from the coasts of Brittany (France). II. 
Nuclear rDNA ITS sequence analysis. European J. Phycol. 33:81-86. 
Cohen, I. & Neori, A. 1991. Ulva lactuca biofilters for marine fishpond effluents I. 
Ammonia uptake kinetics and nitrogen content. Botanica Marina 34:475-82. 
Cohen, R. A. & Fong, P. 2004a. Nitrogen uptake and assimilation in Enteromorpha 
intestinalis (L.) Link (Chlorophyta): using 15N to determine preference during 
simultaneous pulses of nitrate and ammonium. Journal of Experimental Marine 
Biology and Ecology 309:67-77. 
Cohen, R. A. & Fong, P. 2004b. Physiological responses of a bloom-forming green 
macroalga to short-term change in salinity, nutrients, and light help explain its 
ecological success. Estuaries 27:209-16. 
D'Avanzo, C. & Kremer, J. 1994. Diel oxygen dynamics and anoxic events in a 
eutrophic estuary of Waquoit Bay, Massachusetts. Estuaries 17. 
D'Avanzo, C, Kremer, J. & Wainwright, S. 1996. Ecosystem production and respiration 
in response to eutrophication in shallow temperate estuaries. Marine Ecology 
Progress Series 141:263-73. 
Day, J. P. 2008. The development of a modular integrated recirculating aquaculture 
system using Porphyra (nori) for the bioremediation of marine finfish effluent. 
PhD Dissertation, University of New Hampshire, Durham. 114 pp. 
Dayton, P. K. 1975. Experimental evaluation of ecological dominance in a rocky 
intertidal algal community. Ecological Monographs 45:137-59. 
DeBoer, J. A. 1981. Nutrients. In: The biology of seaweeds. Lobban, C. S. & Wynn, M. 
J. [eds.]. Blackwell Scientific Publications, London, pp. 356-92. 
Deegan, L. A., Wright, A., Ayvazian, S., Finn, J., Golden, H., Merson, R. R. & Harrison, 
J. 2002. Nitrogen loading alters seagrass ecosystem structure and support of 
higher trophic levels. Aquatic Conservation: Marine and Freshwater Ecosystems 
12:193-212. 
Dongyan, L., Pickering, A. & Jun, S. 2004. Preliminary study on the responses of three 
marine algae, Ulva pertusa (Chlorophyta), Gelidium amansii (Rhodophyta) and 
98 
Sargassum enerve (Phaeophyta), to nitrogen source and its availability. Journal 
of Ocean University of China 3:75-79. 
Duarte, C. M. 1995. Submerged aquatic vegetation in relation to different nutrient 
regimes. Ophelia 41:87-112. 
El-Sikaily, A., El Nemr, A., Khaled, A. & Abdelwehab, O. 2007. Removal of toxic 
chromium from wastewater using green alga Ulva lactuca and its activated 
carbon. J Hazard Mater 148:216-28. 
Emerich Penniman, C, Mathieson, A. C, Loder, T. C, Daly, M. A. & Norall, T. L. 1985. 
Nutrient and hydrographic data for the Great Bay Estuarine System New 
Hampshire-Maine part III. Jackson Estuarine Laboratory Contribution 151. 
Falkowsky, P. G. 1992. Molecular ecology of phytoplankton photosynthesis. In: Primary 
productivity and biogeochemical cycles in the sea. Falkowski, P. G. and 
Woodhead, A. [eds.]. New York, Plenum: 47-67. 
Falkowski, P. G. 1997. Evolution of the nitrogen cycle and its influence on the biological 
sequestration of C02 in the ocean. Science 387:272-74. 
Fletcher, R. L. 1996. The occurrence of 'green tides': a review. In: Marine benthic 
vegetation: recent changes and the effects of eutrophication. Schramm, W., 
Nienhuis, P. H. [ed.]. Springer, Berlin. 
Fujita, R. M. 1985. The role of nitrogen status in regulating transient ammonium uptake 
and nitrogen storage by macroalgae. Journal of Experimental Marine Biology and 
Ecology 92:283-301. 
Grasshoff, K., Ehrhardt, M. & Kremling, K. 1983. Methods of Seawater Analysis. 2 ed. 
Verlag Chemie, Weinheim. 
Hanisak, M. D. 1983. The nitrogen relationships of marine macroalgae. In: Nitrogen in 
the Marine Environment. Carpenter, E. J. & Capone, D. G. [eds.]. Academic 
Press, New York, pp. 699-730. 
Hardwick-Witman, M. N. & Mathieson, A. C. 1983. Intertidal macroalgae and 
macroinvertebrates: Seasonal and spatial abundance patterns along an 
estuarine gradient. Estuarine, Coastal and Shelf Science 16:113-29. 
Hardwick-Witman, M. N. & Mathieson, A. C. 1986. Tissue nitrogen and carbon 
variations in New England estuarine Ascophyllum nodosum (L.) Le Jolis 
populations (Fucales, Phaeophyta). Estuaries. 9:43-48. 
99 
Hauxwell, J., Cebrian, J., Furlong, C. & Valiela, I. 2001. Macroalgal canopies contribute 
to eelgrass (Zostera marina) decline in temperate estuarine ecosystems. Ecology 
(Washington D C) 82:1007-22. 
Hauxwell, J., Cebrian, J. & Valiela, I. 2003. Eelgrass Zostera marina loss in temperate 
estuaries: Relationship to land-derived nitrogen loads and effect of light limitation 
imposed by algae. Marine Ecology Progress Series 247:59-73. 
Haxo, F. T. & Clendenning, K. A. 1953. Photosynthesis and phototaxis in Ulva lactuca 
gametes. Biological Bulletin 105:103-14. 
Hayden, H. S., Blomster, J., Maggs, C. A., Silva, P. C, Stanhope, M. J. & Waaland, J. 
R. 2003. Linnaeus was right all along: Ulva and Enteromorpha are not distinct 
genera. European J. Phycol. 38:277-94. 
Hayden, H. S. & Waaland, J. R. 2002. Phylogenetic systematics of the Ulvaceae 
(Ulvales, Ulvophyceae) using chloroplast and nuclear DNA sequences. J. Phycol. 
38:1200-12. 
Hayden, H. S. & Waaland, J. R. 2004. A molecular systematic study of Ulva (Ulvaceae, 
Ulvales) from the northeast Pacific. Phycologia 43:364-82. 
Henley, W. J. & Ramus, J. 1989. Optimization of pigment content and the limits of 
photoacclimation for Ulva rotundata (Chlorophyta). Marine Biology 103:267-274. 
Hernandez, I., Pastor-Perez, A., Mateo, J. J., Megina, C, Vergara, J. J. 2008. Growth 
dynamics of Ulva rotundata (Chlorophyta) in a fish farm: Implications for 
biomitigation at a large scale. J. Phycol. 44:1080-1089. 
Jing-Wen, L. & Shuang-Lin, D. 2001. Comparative studies on utilizing nitrogen capacity 
between two macroalgae Gracilaria tenuistipitata var liui (rhodophyta) and Ulva 
pertusa (chlorophyta) II. Feedback controls of intracellular nitrogen pools on 
nitrogen uptake. Journal of Environmental Sciences 13:323-27. 
Kawai, H., Motomura, T. & Okuda, K. 2005. Isolation and purification techniques for 
macroalgae. In: Algal Culturing Techniques. Anderson, R. A. [ed.]. Elsevier 
Academic Press: Burlington, MA. 
Lartigue, J., Neill, A., Hayden, B. L, Pulfer, J. & Cebrian, J. 2003. The impact of salinity 
fluctuations on net oxygen production and inorganic nitrogen uptake by Ulva 
lactuca (Chlorophyceae). Aquatic Botany 75:339-50. 
Leskinen, E., Alstrom-Rapaport, C. & Pamilo, P. 2004. Phylogeographical structure, 
distribution and genetic variation of the green algae Ulva intestinalis and U. 
100 
compressa (Chlorophyta) in the Baltic Sea Area. Molecular Ecology 13:2257-65. 
Levine, Wice 1980. Ulva lactuca as a bioindicator of coastal water quality. Water 
Resources Research Center, University of Massachusetts, Amherst, MA. 119:83. 
Lewin, R. A. 1962. Physiology and Biochemistry of Algae. Academic Press, New York, 
Lichtenthaler, H. K. 1987. Chlorophylls and carotenoids: pigments of photosynthetic 
membranes. Academic Press Inc., London, 
Littler, M. M. & Littler, D. S. 1980. The Evolution of Thallus Form and Survival Strategies 
in Benthic Marine Macroalgae: Field and Laboratory Tests of a Functional Form 
Model. American Naturalist 116:25. 
Lobban, C. S. & Harrison, P. J. 1997. Seaweed Ecology and Physiology. Cambridge 
University Press, Cambridge, 
Lopez, S. B., Fernandez, I. B. & Lozano, R. B., Ugarte, J. C. 2007. Is the cryptic alien 
seaweed Ulva pertusa (Ulvales, Chlorophyta) widely distributed along European 
Atlantic coasts? Botanica Marina 50:267-74. 
Loughnane, C. J., Mclvor, L. M., Rindi, F., Stengel, D. B. & Guiry, M. D. 2008. 
Morphology, rbcL phylogeny and distribution of distromatic Ulva (Ulvophyceae, 
Chlorophyta) in Ireland and southern Britain. Phycologia 47:416-29. 
Lubchenco, J. 1978. Plant species diversity in a marine intertidal community: 
importance of herbivore food preference and algal competitive abilities. The 
American Naturalist 112:23-39. 
Luning, K., Kadel, P., Pang, S. 2008. Control of reproduction rhythmicity by 
environmental and endogenous signals in Ulva pseudocurvata (Chlorophyta). J. 
Phycol. 44:866-873. 
Maclssac, J. J. & Dugdale, R. C. 1969. The kinetics of nitrate and ammonia uptake by 
natural populations of marine phytoplankton. Deep Sea Research 16:45-57. 
Maggs, C. A., Blomster, J., Mineur, F. & Kelly, J. 2007. Green Seaweeds of Britain and 
Ireland. In: Brodie, J., Maggs, C. A. & John, D. M. [eds.]. The British Phycological 
Society. 
Malta, E. J., Draisma, S. G. A. & Kamermans, P. 1999. Free-floating Ulva in the 
southwest Netherlands: species or morphotypes? A morphological, molecular 
and ecological comparison. European J. Phycol. 34:443-54. 
101 
Marinho-Soriano, E., Nunesa, S. O., Carneiroa, M. A. A. & Pereiraa, D. C. 2008. 
Nutrients' removal from aquaculture wastewater using the macroalgae Gracilaria 
birdiae. Biomass and BioenergyA-5. 
Mata, L. & Santos, R. 2003. Cultivation of Ulva rotundata (Ulvales, Chlorophyta) in 
raceways, using semi-intensive fishpond effluents: yield and biofiltration. In: 
Proceedings of the 17th International Seaweed Symposium Cape Town 2001. 
Chapman, A. R., Anderson, R. J., V.J., V. & Davison, I. R. [eds.]. Oxford 
University Press. 
Mathieson, A. C. & Hehre, E. J. 1986. A synopsis of New Hampshire Seaweeds. 
Rhodora 88:1-139. 
Mathieson, A. C, Pederson, J. R., Neefus, C. D., Dawes, C. J., & Bray, T. L. 2008. 
Multiple assessments of introduced seaweeds in the Northwest Atlantic. ICES 
Journal of Marine Science. 65: 730-741. 
Mathieson, A. C. & Penniman, C. A. 1986. Species composition and seasonality of New 
England seaweeds along an open coastal-estuarine gradient. Botanica Marina 
29:161-76. 
Mathieson, A. C, Shipman, J. W., O'Shea, J. R. and Hasevlat, R. C. 1976. Seasonal 
growth and reproduction of estuarine fucoid algae in New England. Journal of 
Experimental Marine Biology and Ecology 25:273-284. 
McGlathery, K. J. & Pedersen, M. F. 1999. The effect of growth irradiance on the 
coupling of carbon and nitrogen metabolism in Chaetomorpha linum 
(Chlorophyta). J. Phycol. 35:721-31. 
McGlathery, K. J., Pedersen, M. F. & Borum, J. 1996. Changes in intracellular nitrogen 
pools and feedback conrols on nitrogen uptake in Chaetomorpha linum 
(Chlorophyta). J. Phycol. 32:393-401. 
Menendez, M., Herrera, J. & Comin, F. A. 2002. Effect of nitrogen and phosphorus 
supply on growth, chlorophyll content and tissue composition of the macroalga 
Chaetomorpha linum (O. F. Mull) Rutz in a Mediterranean coastal lagoon. 
Scientia Marina 66:355-64. 
Moore, K. A. 2004. Influence of seagrasses on water quality in shallow regions of the 
Chesapeake Bay. Journal of Coastal Research 20:162-78. 
102 
Nakamura, K., Ogawa, T. & Shibata, K. 1976. Chlorophyll and peptide compositions in 
the two photosystems of marine green algae. Biochimica et Biophysica Acta 
423:227-37. 
Naldi, M. & Viaroli, P. 2002. Nitrate uptake and storage in the seaweed Ulva rigida C 
Agardh in relation to nitrate availability and thallus nitrate content in a eutrophic 
coastal lagoon (Sacca di Goro, Po River Delta, Italy). Journal of Experimental 
Marine Biology and Ecology. 269:65-83. 
National Oceanic and Atmospheric Administration, Office of Ocean and Coastal 
Resource Management, National Estuarine Research Reserve System-wide 
Monitoring Program. 2004. Centralized Data Management Office, Baruch Marine 
Field Lab, University of South Carolina http://cdmo.baruch.sc.edu. 
Neori, A., Krom, M. D., Ellner, S. P., Boyd, C. E., Popper, D., Rabinovitch, R., Davison, 
P. J., Dvir, O., Zuber, D., Ucko, M., Angel, D. & Gordin, H. 1996. Seaweed 
biofilters as regulators of water quality in integrated fish-seaweed culture units. 
Aquaculture 141:183-99. 
Ott, F. D. 1966. A selected listing of xenic algal cultures. Systematics-Ecology Program, 
Mar. Biol. Lab Woods Hole, MA 72:1-45. 
Parker, H. S. 1981. Influence of relative water motion on growth, ammonium uptake, 
and nitrogen and carbon composition of Ulva lactuca (Chlorophyta). Marine 
Biology 63:309-318. 
Pedersen, M. F. 1994. Transient ammonium uptake in the macroalga Ulva lactuca 
(Chlorophyta): nature, regulation, and the consequences for choice of measuring 
technique. J. Phycol. 30:1980-986. 
Pedersen, M. F. & Borum, J. 1996. Nutrient control of algal growth in estuarine waters. 
Nutrient limitation and the importance of nitrogen requirements and nitrogen 
storage among phytoplankton and species of macroalgae. Marine Ecology 
Progress Series 142:261-72. 
Pedersen, M. F. & Borum, J. 1997. Nutrient control of estuarine macroalgae: growth 
strategy and the balance between nitrogen requirements and uptake. Marine 
Ecology Progress Series 161:155-63. 
Pinchetti, J. L. G., Fernandez, E. C, Diez, P. M., Reina, G. G. 1998. Nitrogen 
availability influences the biochemical composition and photosynthesis of tank-
cultivated Ulva rigida (Chlorophyta). Journal of Applied Phycology. 10: 383-389. 
103 
Plumley, F. G. & Schmidt, G. W. 1989. Nitrogen-dependent regulation of photosynthetic 
gene expression. Proc. Natl. Acad. Sci. U.S.A. 86:2678-2682. 
Porrello, S., Lenzi, M., Tomassetti, P., Persia, E., Finoia, M. G. & Mercatali, I. 2003. 
Reduction of aquaculture wastewater eutrophication by phytotreatment ponds 
system: II. Nitrogen and phosphorus content in macroalgae and sediment. 
Aquaculture 219:531-44. 
Precali, R. & Falkowski, P. G. 1983. Incorporation of [14C] glutamate into proteins and 
chlorophylls in Dunaliella tertiolecta, a marine chlorophyte. Biologia Plantarum 
25:187-95. 
Ramus, J., Beale, S. I. & Mauzerall, D. 1976. Correlation of changes in pigment content 
with photosynthetic capacity of seaweeds as a function of water depth. Marine 
Biology 37:231-38. 
Redfield, A. C. 1958. The biological control of chemical factors in the environment. 
American Scientist 46:205-21. 
Rivers, D. O. & Short, F. T. 2007. Effect of grazing by Canada geese Branta canadensis 
on an intertidal eelgrass Zostera marina meadow. Marine Ecology Progress 
Series 333:271 -79. 
Rosenberg, G., Probyn, T. A. & Mann, K. H. 1984. Nutrient uptake and growth kinetics 
in brown seaweeds: Response to continuous and single additions of ammonium. 
Journal of Experimental Marine Biology and Ecology 80:125-46. 
Rosenberg, G. & Ramus, J. 1984. Uptake of inorganic nitrogen and seaweed surface 
area: volume ratios. Aquatic Botany 19:65-72. 
Ruiz, G., Fofonoff, P., Carlton, J., Wonham, M. & Hines, A. 2000. Invasion of coastal 
marine communities in North America: apparent patterns, processes and biases. 
Annu. Rev. Ecol. Syst. 31:481-531. 
Runcie, J. W., Ritchie, R. J. & Larkum, A. W. D. 2003. Uptake kinetics and assimilation 
of inorganic nitrogen by Catenella nipae and Ulva lactuca. Aquatic Botany 
76:155-74. 
Ryther, J. H. & Dunstan, W. M. 1971. Nitrogen, phosphorus, and eutrophication in the 
coastal marine environment. Science 171:1008-13. 
Sahoo, D. & Yarish, C. 2005. Mariculture of seaweeds. In: Algal Culturing Techniques. 
Anderson, R. A. [ed.]. Elsevier Academic Press: Burlington, MA. 
104 
Sears, J. R. e. 2002. NEAS Keys to Benthic Marine Algae of the Northeaster Coast of 
North America from Long Island sound to the Strait of Belle Isle. Northeast Algal 
Society, 
Sfriso, A., Pavoni, B., Marcomini, A. & Orio, A. A. 1992. Macroalgae, nutrient cycles, 
and pollutants in the Lagoon of Venice. Estuaries 15:517-28. 
Shimada, S., Hiraoka, M., Nabata, S., lima, M. & Masuda, M. 2003. Molecular 
phylogenetic analyses of the Japanese Ulva and Enteromorpha (Ulvales, 
Ulvophyceae), with special reference to the free-floating Ulva. Phycological 
Research 51:99-108. 
Siguan, M. A. R. 2002. Review of non-native marine plants in the Mediterranean Sea. 
In: Invasive Aquatic Species of Europe: Distribution, Impacts and Management. : 
Leppakoski, E Gollasch, S. & Olenin, S. [eds.]. Kluwer Academic Publishers, 
Dordrecht. 
Stegenga, H., Karremans, M. & Simons, J. 2007. Zeewieren van de voormalige 
oesterputten bij Yerseke. Gorteria 32:125-42. 
Tan, I. H., Blomster, J., Hansen, G., Leskinen, E., Maggs, C. A., Mann, D. G., Sluiman, 
H. J. & Stanhope, M. J. 1999. Molecular phylogenetic evidence for a reversible 
morphogenetic switch controlling the gross morphology of two common genera of 
green seaweeds, Ulva and Enteromorpha. Molecular Biology and Evolution 
16:1011-18. 
Taylor, D. I., Nixon, S. W., Granger, S. L, Buckley, B. A., McMahon, J. P. & Lin, H.-J. 
1995. Responses of coastal lagoon plant communities to different forms of 
nutrient enrichment—a mesocosm experiment. Aquatic Botany 52:19-34. 
Taylor, R. B., Jeroen, T. A., Peek, A., T. & Rees, V. 1998. Scaling of ammonium uptake 
by seaweeds to surface area:volume ratio:geographical variation and the role of 
uptake by passive diffusion. Marine Ecology Progress Series 169:143-48. 
Trowbridge, P. 2006. Environmental Indicator Report: Water Quality. New Hampshire 
Department of Environmental Services Watershed Management Bureau 
Concord, NH. Prepared for New Hampshire Estuaries Project, University of New 
Hampshire, Durham, NH. 
Trowbridge, P. and Jones, S. 2007. Summary Report: New Hampshire National Coastal 
Assessment 2002-2005. Final Report to the US Environmental Protection 
Agency, Office of Research and Development, Atlantic Ecology Division. 
105 
Valentine, J. F. & Heck, K. L. 1999. Seagrass herbivory: evidence for the continued 
grazing of marine grasses. Marine Ecology Progress Series 176:291-302. 
Valiela, I., McClelland, J., Hauxwell, J., Behr, P. J., Hersh, D. & Foreman, K. 1997. 
Macroalgal blooms in shallow estuaries: Controls and ecophysiological and 
ecosystem consequences. Limnology and Oceanography 42:1105-18. 
Vandermeulen, H. & Gordin, H. 1990. Ammonium uptake using Ulva (Chlorophyta) in 
intensive fishpond systems: mass culture and treatment of effluent. Journal of 
Applied Phycology 2:363-74. 
Verlaque, M. 2001. Checklist of the macroalgae of Thau Lagoon (Herault, France) a hot 
spot of marine species introduction in Europe. Oceanologica Acta 24:29-49. 
Verlaque, M., Belsher, T. & Deslous-Paoli, J. M. 2002. Morphology and reproduction of 
Asiatic Ulva pertusa (Ulvales, Chlorophyta) in Thau Lagoon (France, 
Mediterranean Sea). Cryptogamie 23:301-10. 
Viaroli, P., Naldi, M., Bondavalli, C. & Bencivelli, S. 1996. Growth of the seaweed Ulva 
rigida C. Agardh in relation to biomass densities, internal nutrient pools and 
external nutrient supply in the Sacca di Goro lagoon (Northern Italy). 
Hydrobiologia 329:93-103. 
Viaroli, P., Naldi, M. C, R.R. & Fumagalli, I. 1993. The role of macroalgae and detritus 
in the nutrient cycles in a shallow-water dystrophic lagoon. Verh. Int. Verein. 
Limnol. 25:1048-51. 
Wheeler, P. A. & Bjomsater, B. R. 1992. Seasonal fluctuations in tissue nitrogen, 
phosphorus, and N:P for five macroalgal species common to the Pacific 
Northwest coast. J. Phycol. 28:1-6. 
\ A /:n: o i o I I _ _ I . \s i i r\r\r\A c - . _ —___— ~ . _ : J . . . i . i _ . * » : 
Williams, o . i_. ot neui \ , r\. i_. j . ^ u u i . oectyiciss uummui i i iy euuiuyy. in. iviaiiiie 
Community Ecology. Bertness, M. D., Gaines, S. D. & Hay, M. E. [eds.]. Sinauer, 
Sunderland, 317-37. 
Wilson, K. A., Able, K. W. & Heck, K. L. J. 1990. Habitat use by juvenile blue crabs: A 
comparison among habitats in southern New Jersey. Bulletin of Marine Science 
46:105-14. 
Woolcott, G. W. & King, R. J. 1999. Ulva and Enteromorpha (Ulvales, Ulvophyceae, 
Chlorophyta) in eastern Australia: comparison of morphological features and 
analysis of nuclear rDNA sequence data. Australian Systematic Botany 12:709-
25. 
106 
Zar, J. H. Biostatistical Analysis, 5 ed. Prentice Hall: Englewood Cliffs, NJ. 
Zhou, Y., Yang, H., Hu, H., Liu, Y., Mao, Y., Zhou, H., Xu, X. & Zhang, F. 2006. 
Bioremediation potential of the macroalga Gracilaria lemaneiformis (Rhodophyta) 




Christine Maggs, School of Biological Sciences, Queen's University Belfast, Medical 
Biology Centre, Belfast, UK 
Frederick Mineur, School of Biological Sciences, Queen's University Belfast, Medical 
Biology Centre, Belfast, UK 
Jeremy Nettleton, Department of Biological Sciences, University of New Hampshire, 
Durham, NH 
Phil Trowbridge, New Hampshire Department of Environmental Services: Watershed 
Management Bureau, Concord, NH. 
108 
APPENDIX 
109 
Ta
bl
e 
1.
 
D
es
cr
ip
tio
n
 
o
f a
ll 
Ul
va
 
sp
p.
 
sp
ec
im
en
s 
co
lle
ct
ed
 
du
rin
g 
th
e 
pr
es
en
t s
tu
dy
.
 
A
ll 
sp
ec
im
en
s 
a
re
 
de
po
si
te
d 
in
 
th
e 
Al
bi
on
 
H
od
gd
on
 
H
er
ba
riu
m
 
(N
HA
) a
t t
he
 
U
ni
ve
rs
ity
 
o
f N
ew
 
H
am
ps
hi
re
,
 
D
ur
ha
m
,
 
N
H
,
 
U.
 
S.
 
A.
 
Sp
ec
im
en
s 
ha
ve
 
be
en
 
m
o
le
cu
la
rly
 
id
en
tif
ie
d 
u
n
le
ss
 
la
be
le
d 
a
s 
Ul
va
 
s
p.
 
N
am
es
 
in
 
pa
re
nt
he
si
s 
in
di
ca
te
 
te
nt
at
iv
e 
id
en
tif
ic
at
io
n
 
w
ith
ou
t 
m
o
le
cu
la
r 
v
e
rif
ic
at
io
n.
 
Ta
xo
n
 
Na
m
e 
Ul
va
 
sp
.
 
Ul
va
 
la
ct
uc
a 
Ul
va
 
rig
id
a 
Ul
va
 
co
m
pr
es
sa
 
Ul
va
 
rig
id
a 
Ul
va
 
rig
id
a 
Ul
va
 
co
m
pr
es
sa
 
Si
te
 
Lo
ca
tio
n
 
Do
ve
r 
Po
in
t, 
Do
ve
r, 
NH
 
Fo
rt 
St
ar
k,
 
Ne
wc
as
tle
,
 
NH
 
Ad
am
s 
Po
in
t, 
Du
rh
am
,
 
NH
 
Ad
am
s 
Po
in
t, 
Du
rh
am
,
 
NH
 
Ad
am
s 
Po
in
t, 
Du
rh
am
,
 
NH
 
Ad
am
s 
Po
in
t, 
Du
rh
am
,
 
NH
 
O
ys
te
r 
Ri
ve
r, 
Du
rh
am
,
 
NH
 
Lo
ca
lit
y 
Dr
ift
 
Dr
ift
 
O
ld
 
La
nd
in
g 
Pa
rk
 
ne
ar
 
flo
at
in
g 
pi
er
 
Ha
bi
ta
t 
At
ta
ch
ed
 
to
 
bo
at
 
do
ck
s 
at
 
Ja
ck
so
n
 
La
b 
GP
S 
G
en
er
al
 
No
te
s 
Co
lle
ct
or
 
43
°0
7'
09
"N
 
70
°4
9'
42
"W
 
43
°0
3'
32
"N
 
70
°4
2'
45
"W
 
43
°0
5'
43
"N
 
70
°5
1'
08
"W
 
43
°0
5'
43
"N
 
70
°5
1'
08
"W
 
43
°0
5'
43
"N
 
70
°5
1'
08
"W
 
43
°0
5'
43
"N
 
70
°5
1'
08
"W
 
43
°0
7'
56
"N
 
70
°5
5'
00
"W
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
NH
A#
 
78
54
7 
78
54
8 
78
54
9 
78
55
0 
78
55
1 
78
55
2 
78
55
3 
Da
te
 
8-
Se
pt
-2
00
8 
8-
Se
pt
-2
00
8 
11
-S
ep
t-2
00
8 
24
-A
ug
-2
00
8 
24
-A
ug
-2
00
8 
24
-A
ug
-2
00
8 
14
-S
ep
t-2
00
8 
Ul
va
 
rig
id
a 
O
ys
te
r 
Ri
ve
r, 
O
ld
 
La
nd
in
g 
43
°0
7'
56
"N
 
La
ur
ie
 
78
55
4 
14
-S
ep
t-2
00
8 
Du
rh
am
,
 
NH
 
Pa
rk
 
ne
ar
 
70
°5
5'
00
"W
 
Ho
fm
an
n
 
flo
at
in
g 
pie
r 
Ta
xo
n
 
Na
m
e 
Si
te
 
Lo
ca
tio
n
 
Lo
ca
lit
y 
Ha
bi
ta
t 
GP
S 
G
en
er
al
 
No
te
s 
Co
lle
ct
or
 
NH
A#
 
Da
te
 
Ul
va
 
rig
id
a 
Ul
va
 
sp
.
 
Ul
va
 
la
ct
uc
a 
Ul
va
 
sp
.
 
Ul
va
 
sp
.
 
O
ys
te
r 
Ri
ve
r, 
Du
rh
am
,
 
NH
 
Ad
am
s 
Po
in
t, 
Du
rh
am
,
 
NH
 
Ad
am
s 
Po
in
t, 
Du
rh
am
,
 
NH
 
Ad
am
s 
Po
in
t, 
Du
rh
am
,
 
NH
 
Fo
rt 
St
ar
k,
 
Ne
wc
as
tle
,
 
NH
 
O
ld
 
La
nd
in
g 
Pa
rk
 
ne
ar
 
flo
at
in
g 
pi
er
 
43
°0
7'
56
"N
 
70
o
55
'0
0"
W
 
43
°0
7'
09
"N
 
70
°4
9'
42
"W
 
43
°0
4'
19
"N
 
70
°4
5'
20
"W
 
43
°0
4'
19
"N
 
70
°4
5'
20
"W
 
43
°0
3'
32
"N
 
70
°4
2'
45
"W
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
78
55
5 
78
55
6 
78
55
7 
78
55
8 
78
55
9 
19
-S
ep
t-2
00
8 
19
-S
ep
t-2
00
8 
22
-S
ep
t-2
00
8 
22
-S
ep
t-2
00
8 
22
-S
ep
t-2
00
8 
Ul
va
 
la
ct
uc
a 
Fo
rt 
St
ar
k,
 
lo
w
 
Ep
ip
hy
tic
 
on
 
43
°0
3'
32
"N
 
Ci
rc
ul
ar
 
di
sk
s 
La
ur
ie
 
78
56
0 
11
-N
ov
-2
00
8 
Ne
wc
as
tle
,
 
NH
 
in
te
rti
da
l, 
As
co
ph
yll
um
. 
70
°4
2'
45
"W
 
cu
t f
ro
m
 
th
al
lu
s 
Ho
fm
an
n
 
ex
po
se
d 
n
od
os
um
 
sid
e 
Ul
va
 
la
ct
uc
a 
Fo
rt 
St
ar
k,
 
ex
po
se
d 
Ep
ip
hy
tic
 
on
 
A 
43
°0
3'
32
"N
 
Ci
rc
ula
r 
di
sk
s 
La
ur
ie
 
78
56
1 
1-
No
v-
20
08
 
Ne
wc
as
tle
,
 
NH
 
sit
e 
w
e
st
 
of
 
n
od
os
um
 
70
°4
2'
45
"W
 
cu
t f
ro
m
 
th
al
lu
s 
Ho
fm
an
n
 
m
ai
n
 
co
ve
 
Ta
xo
n
 
Na
m
e 
Si
te
 
Lo
ca
tio
n
 
Lo
ca
lit
y 
Ha
bi
ta
t 
GP
S 
G
en
er
al
 
No
te
s 
Co
lle
ct
or
 
NH
A#
 
Da
te
 
Ul
va
 
la
ct
uc
a 
Ul
va
 
pe
rtu
sa
 
Ul
va
 
pe
rtu
sa
 
Ul
va
 
la
ct
uc
a 
Ul
va
 
pe
rtu
sa
 
Fo
rt 
St
ar
k,
 
Ne
wc
as
tle
,
 
NH
 
Fo
rt 
St
ar
k,
 
Ne
wc
as
tle
,
 
NH
 
Fo
rt 
St
ar
k,
 
Ne
wc
as
tle
,
 
NH
 
Fo
rt 
St
ar
k,
 
Ne
wc
as
tle
,
 
NH
 
Fo
rt 
St
ar
k,
 
Ne
wc
as
tle
,
 
NH
 
at
ta
ch
ed
 
to
 
la
rg
e 
bo
ul
de
r 
in
 
tid
e 
po
ol
 
ea
st
 
of
 
m
ai
n
 
co
ve
 
an
d 
m
ar
sh
 
on
 
ex
po
se
d 
sid
e 
Ex
po
se
d 
sid
e,
 
up
pe
r 
in
te
rti
da
l 
tid
e 
po
ol
 
De
ep
 
up
pe
r 
in
te
rti
da
l 
tid
e 
po
ol
 
on
 
ex
po
se
d 
sid
e 
Dr
ift
 
ep
ip
hy
tic
 
on
 
M
as
to
ca
rp
us
 
st
el
la
tu
s 
m
os
tly
 
at
ta
ch
ed
 
to
 
ro
ck
s 
at
ta
ch
ed
 
to
 
ro
ck
s 
At
ta
ch
ed
 
to
 
ro
ck
,
 
am
on
g 
dr
ift
 
se
aw
ee
d 
on
 
ex
po
se
d 
sid
e 
43
°0
3'
32
"N
 
70
°4
2'
45
"W
 
43
°0
3'
32
"N
 
70
°4
2'
45
"W
 
43
°0
3'
32
"N
 
70
°4
2'
45
"W
 
43
°0
3'
32
"N
 
70
°4
2'
45
"W
 
43
°0
3'
32
"N
 
70
°4
2'
45
"W
 
Ci
rc
ul
ar
 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s,
 
ve
ry
 
litt
le
 
of
 
sp
ec
im
en
 
re
m
ai
ns
 
Ci
rc
ula
r 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s,
 
ve
ry
 
litt
le
 
of
 
sp
ec
im
en
 
re
m
ai
ns
 
Ci
rc
ula
r 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
Ci
rc
ula
r 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
Ci
rc
ula
r 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
78
56
2 
78
56
3 
78
56
4 
78
56
5 
78
56
6 
l-N
ov
-2
00
8 
l-N
ov
-2
00
8 
1-
No
v-
20
08
 
1-
No
v-
20
08
 
11
-N
ov
-2
00
8 
Ta
xo
n
 
Na
m
e 
Si
te
 
Lo
ca
tio
n
 
Lo
ca
lit
y 
Ha
bi
ta
t 
GP
S 
G
en
er
al
 
No
te
s 
Co
lle
ct
or
 
NH
A#
 
Da
te
 
Ul
va
 
la
ct
uc
a 
Ul
va
 
la
ct
uc
a 
Ul
va
 
pe
rtu
sa
 
Ul
va
 
pe
rtu
sa
 
Ul
va
 
la
ct
uc
a 
Ul
va
 
rig
id
a 
Ul
va
 
rig
id
a 
Fo
rt 
St
ar
k,
 
Ne
wc
as
tle
,
 
NH
 
Fo
rt 
St
ar
k,
 
Ne
wc
as
tle
,
 
NH
 
Fo
rt 
St
ar
k,
 
Ne
wc
as
tle
,
 
NH
 
Fo
rt 
St
ar
k,
 
Ne
wc
as
tle
,
 
NH
 
Fo
rt 
St
ar
k,
 
Ne
wc
as
tle
,
 
NH
 
Ad
am
s 
Po
in
t, 
Du
rh
am
,
 
NH
 
Ad
am
s 
Po
in
t, 
Du
rh
am
,
 
NH
 
w
es
te
rn
 
co
ve
 
on
 
ex
po
se
d 
sid
e 
W
es
te
rn
 
co
ve
 
w
ith
 
sa
nd
y 
su
bs
tra
tu
m
 
Sh
all
ow
 
tid
e 
po
ol
 
Ea
st
er
n
 
co
ve
 
ne
ar
 
m
ai
n
 
en
tra
nc
e 
to
 
ex
po
se
d 
sid
e 
Ep
ip
hy
tic
 
on
 
A.
 
n
od
os
um
 
in
 
lo
we
r 
in
te
rti
da
l 
Dr
ift
 
Dr
ift 
Ep
ip
hy
tic
 
on
 
A.
 
n
od
os
um
 
Ep
ip
hy
tic
 
on
 
A.
 
n
od
os
um
 
Ep
ip
hy
tic
 
on
 
A.
 
n
od
os
um
 
on
 
m
u
df
la
t n
ea
r 
bo
at
 
la
un
ch
 
on
 
m
u
df
la
t n
ea
r 
bo
at
 
la
un
ch
 
43
°0
3'
32
"N
 
70
°4
2'
45
"W
 
43
°0
3'
32
"N
 
70
°4
2'
45
"W
 
43
°0
3'
32
"N
 
70
°4
2'
45
"W
 
43
°0
3'
32
"N
 
70
°4
2'
45
"W
 
43
°0
3'
32
"N
 
70
°4
2'
45
"W
 
43
°0
5'
43
"N
 
70
°5
1'
08
"W
 
43
°0
5'
43
"N
 
70
°5
1'
08
"W
 
Ci
rc
ul
ar
 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
Ci
rc
ul
ar
 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
Ci
rc
ul
ar
 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
Ci
rc
ul
ar
 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
Ci
rc
ul
ar
 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
Ci
rc
ul
ar
 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
Ci
rc
ul
ar
 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
78
56
7 
78
56
8 
78
56
9 
78
57
0 
78
57
1 
78
57
2 
78
57
3 
1-
No
v-
20
08
 
11
-N
ov
-2
00
8 
11
-N
ov
-2
00
8 
11
-N
ov
-2
00
8 
11
-N
ov
-2
00
8 
14
-N
ov
-2
00
8 
14
-N
ov
-2
00
8 
Ta
xo
n
 
Na
m
e 
Si
te
 
Lo
ca
tio
n
 
Lo
ca
lit
y 
Ha
bi
ta
t 
GP
S 
G
en
er
al
 
No
te
s 
Co
lle
ct
or
 
NH
A#
 
Da
te
 
Ul
va
 
co
m
pr
es
sa
 
Ul
va
 
rig
id
a 
Ul
va
 
rig
id
a 
Ul
va
 
rig
id
a 
Ul
va
 
rig
id
a 
Ul
va
 
pe
rtu
sa
 
Ul
va
 
rig
id
a 
Ad
am
s 
Po
in
t, 
Du
rh
am
,
 
NH
 
Ad
am
s 
Po
in
t, 
Du
rh
am
,
 
NH
 
Ad
am
s 
Po
in
t, 
Du
rh
am
,
 
NH
 
Ad
am
s 
Po
in
t, 
Du
rh
am
,
 
NH
 
Ad
am
s 
Po
in
t, 
Du
rh
am
,
 
NH
 
Ad
am
s 
Po
in
t, 
Du
rh
am
,
 
NH
 
So
ut
h 
M
ill 
Po
nd
,
 
Po
rts
m
ou
th
,
 
NH
 
Co
ve
 
ne
ar
 
bo
at
 
do
ck
s 
at
 
Ja
ck
so
n
 
La
b 
Dr
ift
 
At
ta
ch
ed
 
to
 
bo
at
 
do
ck
s 
at
 
Ja
ck
so
n
 
La
b 
Co
ve
 
ne
ar
 
bo
at
 
do
ck
s 
at
 
Ja
ck
so
n
 
La
b 
Dr
ift
 
Dr
ift
 
Ad
jac
en
t t
o 
tid
al
 
co
ns
tri
ct
io
n
 
in
 
pa
rk
 
Ep
ip
hy
tic
 
on
 
A.
 
n
od
os
um
 
on
 
m
u
df
la
t n
ea
r 
bo
at
 
la
un
ch
 
At
ta
ch
ed
 
on
 
m
u
df
la
t 
O
n
 
m
u
df
la
t 
ne
ar
 
bo
at
 
la
un
ch
 
O
n
 
m
u
df
la
t 
ne
ar
 
bo
at
 
la
un
ch
 
43
°0
5'
43
"N
 
70
°5
1'
08
"W
 
43
°0
5'
43
"N
 
70
°5
1'0
8"
vV
 
43
°0
5'
43
"N
 
70
°5
1'
08
"W
 
43
°0
5'
43
"N
 
70
°5
1'
08
"W
 
43
°0
5'
43
"N
 
70
°5
1'
08
"W
 
43
°0
5'
43
"N
 
70
°5
1'
08
"W
 
43
°0
4'
19
"N
 
70
°4
5'
20
"W
 
Ci
rc
ul
ar
 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
Ci
rc
ul
ar
 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
Ci
rc
ul
ar
 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
Ci
rc
ul
ar
 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
Ci
rc
ul
ar
 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
78
57
4 
78
57
5 
78
57
6 
78
57
7 
78
57
8 
78
57
9 
78
58
0 
14
-N
ov
-2
00
8 
14
-N
ov
-2
00
8 
14
-N
ov
-2
00
8 
14
-N
ov
-2
00
8 
14
-N
ov
-2
00
8 
14
-N
ov
-2
00
8 
15
-N
ov
-2
00
8 
Ta
xo
n
 
Na
m
e 
Si
te
 
Lo
ca
tio
n
 
Lo
ca
lit
y 
Ha
bi
ta
t 
GP
S 
G
en
er
al
 
No
te
s 
Co
lle
ct
or
 
NH
A#
 
Da
te
 
Ul
va
 
sp
.
 
So
ut
h 
M
ill 
Po
nd
,
 
Po
rts
m
ou
th
,
 
NH
 
Ad
jac
en
t t
o 
tid
al
 
co
ns
tri
ct
io
n
 
in
 
pa
rk
 
43
°0
4'
19
"N
 
70
°4
5'
20
"W
 
La
ur
ie
 
Ho
fm
an
n
 
78
58
1 
15
-N
ov
-2
00
8 
Ul
va
 
pe
rtu
sa
 
So
ut
h 
M
ill 
Po
nd
,
 
Po
rts
m
ou
th
,
 
NH
 
Ad
jac
en
t t
o 
tid
al
 
co
ns
tri
ct
io
n
 
clo
se
 
to
 
Ed
wa
rd
 
St
.
 
43
°0
4'
23
"N
 
Ci
rc
ula
r 
di
sk
s 
La
ur
ie
 
70
°4
5'
21
"W
 
cu
t f
ro
m
 
th
al
lu
s 
Ho
fm
an
n
 
78
58
2 
15
-N
ov
-2
00
8 
Ul
va
 
(pe
rtu
sa
) 
So
ut
h 
M
ill 
Po
nd
,
 
Po
rts
m
ou
th
,
 
NH
 
Ad
jac
en
t t
o 
tid
al
 
co
ns
tri
ct
io
n
 
clo
se
 
to
 
Ed
wa
rd
 
St
.
 
43
°0
4'
23
"N
 
70
°4
5'
21
"W
 
La
ur
ie
 
78
58
3 
15
-N
ov
-2
00
8 
Ho
fm
an
n
 
Ul
va
 
pe
rtu
sa
 
So
ut
h 
M
ill 
Po
nd
,
 
Po
rts
m
ou
th
,
 
NH
 
Ad
jac
en
t t
o 
tid
al
 
co
ns
tri
ct
io
n
 
in
 
pa
rk
 
43
°0
4'
23
"N
 
Ci
rc
ula
r 
di
sk
s 
La
ur
ie
 
78
58
4 
14
-N
ov
-2
00
8 
70
°4
5'
21
"W
 
cu
t f
ro
m
 
th
al
lu
s 
Ho
fm
an
n
 
Ul
va
 
la
ct
uc
a 
So
ut
h 
M
ill 
Po
nd
,
 
Po
rts
m
ou
th
,
 
NH
 
Ad
jac
en
t t
o 
tid
al
 
co
ns
tri
ct
io
n
 
in 
pa
rk
 
43
°0
4'
19
"N
 
Ci
rc
ula
r 
di
sk
s 
La
ur
ie
 
70
°4
5'
20
"W
 
cu
t f
ro
m
 
th
al
lu
s 
Ho
fm
an
n
 
78
58
5 
15
-N
ov
-2
00
8 
Ul
va
 
pe
rtu
sa
 
So
ut
h 
M
ill 
Po
nd
,
 
Po
rts
m
ou
th
,
 
NH
 
Ad
jac
en
t t
o 
tid
al
 
co
ns
tri
ct
io
n
 
clo
se
 
to
 
Ed
wa
rd
 
St
.
 
43
°0
4'
23
"N
 
Ci
rc
ula
r 
di
sk
s 
La
ur
ie
 
70
°4
5'
21
"W
 
cu
t f
ro
m
 
th
al
lu
s 
Ho
fm
an
n
 
78
58
6 
15
-N
ov
-2
00
8 
Ta
xo
n
 
Na
m
e 
Si
te
 
Lo
ca
tio
n
 
Lo
ca
lit
y 
Ha
bi
ta
t 
G
PS
 
G
en
er
al
 
No
te
s 
Co
lle
ct
or
 
NH
A#
 
Da
te
 
Ul
va
 
la
ct
uc
a 
So
ut
h 
M
ill 
Po
nd
,
 
Po
rts
m
ou
th
,
 
NH
 
Ad
jac
en
t t
o 
tid
al
 
co
ns
tri
ct
io
n
 
clo
se
 
to
 
Ed
wa
rd
 
St
.
 
43
°0
4'
23
"N
 
70
°4
5'
21
"W
 
Ci
rc
ul
ar
 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
La
ur
ie
 
Ho
fm
an
n
 
78
58
7 
15
-N
OV
-2
00
8 
Ul
va
 
la
ct
uc
a 
So
ut
h 
M
ill 
Po
nd
,
 
Po
rts
m
ou
th
,
 
NH
 
Ad
jac
en
t t
o 
tid
al
 
co
ns
tri
ct
io
n
 
clo
se
 
to
 
Ed
wa
rd
 
St
.
 
43
°0
4'
23
"N
 
70
°4
5'
21
"W
 
La
ur
ie
 
78
58
8 
15
-N
ov
-2
00
8 
Ho
fm
an
n
 
Ul
va
 
pe
rtu
sa
 
Do
ve
r 
Po
in
t, 
Do
ve
r, 
NH
 
Ad
jac
en
t t
o 
ol
d 
Rt
 
4 
br
id
ge
 
Ep
ih
py
tic
 
on
 
A.
 
43
°0
7'
09
"N
 
Ci
rc
ul
ar
 
di
sk
s 
La
ur
ie
 
n
od
os
um
 
70
°4
9'
42
"W
 
cu
t f
ro
m
 
th
al
lu
s 
Ho
fm
an
n
 
78
58
9 
23
-N
ov
-2
00
8 
Ul
va
 
pe
rtu
sa
 
Do
ve
r 
Po
in
t, 
Ad
jac
en
t t
o 
At
ta
ch
ed
 
to
 
43
°0
7'
09
"N
 
Ci
rc
ula
r 
di
sk
s 
Do
ve
r, 
NH
 
o
ld
R
t4
 
ro
ck
 
70
°4
9'
42
"W
 
cu
t f
ro
m
 
th
al
lu
s;
 
br
id
ge
 
re
pr
od
uc
tiv
e 
m
ar
gi
ns
 
w
hi
te
 
La
ur
ie
 
Ho
fm
an
n
 
78
59
0 
23
-N
ov
-2
00
8 
Ul
va
 
la
ct
uc
a 
Do
ve
r 
Po
in
t, 
Do
ve
r, 
NH
 
Ad
jac
en
t t
o 
ol
d 
Rt
 
4 
br
id
ge
 
Ep
ip
hy
tic
 
on
 
M
. 
st
el
la
tu
s 
w
ith
 
U.
 
pe
rtu
sa
 
43
°0
7'
09
"N
 
Ci
rc
ul
ar
 
di
sk
s 
70
°4
9'
42
"W
 
cu
t f
ro
m
 
th
al
lu
s 
La
ur
ie
 
78
59
1 
23
-N
ov
-2
00
8 
Ho
fm
an
n
 
Ul
va
 
pe
rtu
sa
 
Do
ve
r 
Po
in
t, 
Do
ve
r, 
NH
 
Ad
jac
en
t t
o 
ol
d 
Rt
 
4 
br
id
ge
 
Ep
ip
hy
tic
 
on
 
M
. 
st
el
la
tu
s 
w
ith
 
U.
 
pe
rtu
sa
 
43
°0
7'
09
"N
 
Re
pr
od
uc
tiv
e 
La
ur
ie
 
70
°4
9'
42
"W
 
m
ar
gi
ns
 
w
hi
te
 
Ho
fm
an
n
 
78
59
2 
23
-N
ov
-2
00
8 
Ul
va
 
la
ct
uc
a 
Do
ve
r 
Po
in
t, 
Do
ve
r, 
NH
 
Ad
jac
en
t t
o 
ol
d 
Rt
 
4 
br
id
ge
 
43
°0
7'
09
"N
 
Ci
rc
ula
r 
di
sk
s 
La
ur
ie
 
70
°4
9'
42
"W
 
cu
t f
ro
m
 
th
al
lu
s 
Ho
fm
an
n
 
78
59
3 
23
-N
ov
-2
00
8 
Ta
xo
n
 
Na
m
e 
Si
te
 
Lo
ca
tio
n
 
Lo
ca
lit
y 
Ha
bi
ta
t 
GP
S 
G
en
er
al
 
No
te
s 
Co
lle
ct
or
 
NH
A#
 
Da
te
 
Ul
va
 
la
ct
uc
a 
Ul
va
 
pe
rtu
sa
 
Ul
va
 
(pe
rtu
sa
) 
Ul
va
 
co
m
pr
es
sa
 
Ul
va
 
sp
.
 
Ul
va
 
co
m
pr
es
sa
 
Do
ve
r 
Po
in
t, 
Do
ve
r, 
NH
 
Do
ve
r 
Po
in
t, 
Do
ve
r, 
NH
 
Do
ve
r 
Po
in
t, 
Do
ve
r, 
NH
 
O
ys
te
r 
Ri
ve
r, 
Du
rh
am
,
 
NH
 
O
ys
te
r 
Ri
ve
r, 
Du
rh
am
,
 
NH
 
O
ys
te
r 
Ri
ve
r, 
Du
rh
am
,
 
NH
 
Ad
jac
en
t t
o 
ol
d 
R
t4
 
br
id
ge
 
Ad
jac
en
t t
o 
ol
d 
Rt
 
4 
br
id
ge
 
O
ld
 
La
nd
in
g 
Pa
rk
 
ne
ar
 
flo
at
in
g 
pi
er
; 
lo
w
 
in
te
rti
da
l 
O
ld
 
La
nd
in
g 
Pa
rk
 
ne
ar
 
flo
at
in
g 
pi
er
; 
lo
w
 
in
te
rti
da
l 
O
ld
 
La
nd
in
g 
Pa
rk
 
ne
ar
 
flo
at
in
g 
pi
er
; 
lo
w
 
in
te
rti
da
l 
Ep
ip
hy
tic
 
on
 
M
. 
st
el
la
tu
s 
Ep
ip
hy
tic
 
on
 
As
co
ph
yll
um
 
n
od
os
um
 
At
ta
ch
ed
 
to
 
m
u
df
la
t 
At
ta
ch
ed
 
to
 
m
u
df
la
t 
At
ta
ch
ed
 
to
 
m
u
df
la
t 
43
°0
7'
09
"N
 
70
°4
9'
42
"W
 
43
°0
7'
09
"N
 
70
°4
9'
42
"W
 
43
°0
7'
09
"N
 
70
°4
9'
42
"W
 
43
°0
7'
56
"N
 
70
°5
5'
00
"W
 
43
°0
7'
56
"N
 
70
°5
5'
00
"W
 
43
°0
7'
56
"N
 
70
°5
5'
00
"W
 
Ci
rc
ula
r 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
W
hi
te
 
re
pr
od
uc
tiv
e 
m
ar
gi
ns
; 
Ci
rc
ula
r 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
Ci
rc
ula
r 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
of
 
A 
Ci
rc
ula
r 
di
sk
s 
cu
t f
ro
m
 
th
al
lu
s 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
La
ur
ie
 
Ho
fm
an
n
 
78
59
4 
78
59
5 
78
59
6 
78
59
7 
78
59
8 
78
59
9 
23
-N
ov
-2
00
8 
23
-N
ov
-2
00
8 
23
-N
ov
-2
00
8 
5-
De
c-
20
08
 
5-
De
c-
20
08
 
5-
De
c-
20
08
 
Ta
xo
n
 
Na
m
e 
Si
te
 
Lo
ca
tio
n
 
Lo
ca
lit
y 
Ha
bi
ta
t 
Ul
va
 
sp
.
 
O
ys
te
r 
Ri
ve
r, 
O
ld
 
La
nd
in
g 
At
ta
ch
ed
 
to
 
Du
rh
am
,
 
NH
 
Pa
rk
 
ne
ar
 
m
u
df
la
t 
flo
at
in
g 
pie
r; 
lo
w
 
in
te
rti
da
l 
Ul
va
 
O
ys
te
r 
Ri
ve
r, 
O
ld
 
La
nd
in
g 
At
ta
ch
ed
 
to
 
co
m
pr
es
sa
 
Du
rh
am
,
 
NH
 
Pa
rk
 
ne
ar
 
m
ud
 
flo
at
in
g 
pie
r; 
lo
w
 
in
te
rti
da
l 
Ul
va
 
O
ys
te
r 
Ri
ve
r, 
O
ld
 
La
nd
in
g 
Un
at
ta
ch
ed
 
on
 
co
m
pr
es
sa
 
Du
rh
am
,
 
NH
 
Pa
rk
 
ne
ar
 
m
u
df
la
t 
flo
at
in
g 
pie
r; 
ex
po
se
d 
at
 
lo
w
 
tid
e 
Ul
va
 
O
ys
te
r 
Ri
ve
r, 
O
ld
 
La
nd
in
g 
Un
at
ta
ch
ed
 
on
 
co
m
pr
es
sa
 
Du
rh
am
,
 
NH
 
Pa
rk
 
ne
ar
 
m
u
df
la
t 
flo
at
in
g 
pie
r; 
ex
po
se
d 
at
 
lo
w
 
tid
e 
Ul
va
 
O
ys
te
r 
Ri
ve
r, 
O
ld
 
La
nd
in
g 
co
m
pr
es
sa
 
Du
rh
am
,
 
NH
 
Pa
rk
 
ne
ar
 
flo
at
in
g 
pi
er
 
GP
S 
G
en
er
al
 
No
te
s 
Co
lle
ct
or
 
NH
A#
 
Da
te
 
43
°0
7'
56
"N
 
La
ur
ie
 
78
60
0 
5-
De
c-
20
08
 
70
°5
5'
00
"W
 
Ho
fm
an
n
 
43
°0
7'
56
"N
 
Ci
rc
ul
ar
 
di
sk
s 
La
ur
ie
 
78
60
1 
5-
De
c-
20
08
 
70
°5
5'
00
"W
 
cu
t f
ro
m
 
th
al
lu
s 
Ho
fm
an
n
 
43
°0
7'
56
"N
 
Ci
rc
ul
ar
 
di
sk
s 
La
ur
ie
 
78
60
2 
5-
De
c-
20
08
 
70
°5
5'
00
"W
 
cu
t f
ro
m
 
th
al
lu
s 
Ho
fm
an
n
 
43
°0
7'
56
"N
 
Ci
rc
ul
ar
 
di
sk
s 
La
ur
ie
 
78
60
3 
5-
De
c-
20
08
 
70
°5
5'
00
"W
 
cu
t f
ro
m
 
th
al
lu
s 
Ho
fm
an
n
 
43
°0
7'
56
"N
 
Ci
rc
ul
ar
 
di
sk
s 
La
ur
ie
 
78
60
4 
5-
De
c-
20
08
 
70
°5
5'
00
"W
 
cu
t f
ro
m
 
th
al
lu
s 
Ho
fm
an
n
 
